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These instructions do not teach basic flight prin- 
ciples; but аге designed to provide you with a 
пега] knowledge of the aircraft, its flight char- 
eristics, and specific normal and emergency 
erating procedures, Your flying experience is 
‘ognized, and elementary instructions have been 


instructions in this manual are designed to 
fide for (ће needs of a pilot inexperienced in 
operation. of this aircraft. This book provides 
Best possible operating instructions under most 
circumstances, but it is a poor substitute for sound 
jüdgment. Multiple, emergencies, adverse weather, 
térrain, etc, may require modification of the pro- 
cédures contained herein. 


SERMISSIBLE OPERATIONS 


ie Flight Manual takes a “positive-approach” and 
rmally tells you only what you can do. Any 
üsual operation or configuration (such as asym- 
trical. loading) is prohibited unless specifically 

Vered in the Flight Manual. Clearance must be 


you will know how to use them all — closely 
guarded staidardization assufes sthat the scope 4 and 


The manual has. been divided into ten faitly inde- 
pendent sections, each with its own table of сой» 


-« teñts. The objective of this subdivision 18 to make it 


easy both to read the book straight through when 
it is first received and thereafter to use it as à 
reference manual. The independence. of these sec- 
tions also makes it possible for the user to rearrange 
the: book to: satisfy his-personal tast& and гедшке- 
merits. The first three sections cover the minimum 
information required to safely get the aircraft into 
the'air and back down а again. Before flying any new 
aircraft these three sections must be read thoroughly 
and fully anderstood. Section IV covers all. equip- 
ment not essential to flight but which. permits the 
aircraft to perform spécial functions. Sections V 
and VI aré-obvidiis, Зесноп УП covets lengthy dis- 
cussions оп any technique ос theory of operation 
which may be applicable to the particular aircraft 
in question, The experienced pilot will probably 
be aware of the information in this section but he 


should check it for any possible new. information.- 


The contents of the remaining sections are fairly 
obvious. 


YOUR RESPONSIBILITY 


These Flight Manuals аге constantly maintained. 
current through ап extremely active revision рго-- 


gram. Frequent conferences with operating person- 
nel. апа constant review of UR's, accident reports, 
flight test reports, etc., assure inclusion of the latest 
data in these manuals. In this regard, it is essential 
that you do your patt! If you find anything you 
don't like about the book, let us know right away. 
We cannot correct an error whosë- existence is 
unknown to us. 


PERSONAL COPIES, ТАВ5 AND 
BINDERS 


In accordance with the provisións of AFR5-13, each 
pilot is entitled to have a personal copy of the 
Flight Manual. Flexible, loose leaf гав алд binders 
have been provided to hold your personal copy of 
the Flight Manual. These good-looking, simulated 
leather binders will make it much easier fot you tà 
revise your manual as well as to keep it in good 


shape. These tabs and binders are secured through , 


your local materiel staff and contracting officers: 


HOW TO GET COPIES 


p 


í individual cards a. 
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„боў to order. Flight Manuals, Qassiñëq 


ў шы thereto, and Safety of Flight Supplé- 


ments:so that you. automatically "will Bet all original 
issues, changes, and revisions. Basically, all you 
have to do is order the required. quantities in the 
Publication Requirements Table (Т.О, 0-3-1). Talk 
to your Senior Materiel Staff Officer —it is his job 
to fulfill your Technical Order requests. Make sure 
to establish. some system that will rapidly get the 
books and Safety of Flight Supplements to the 
pilots once they are received оп. the base. 


SAFETY OF FLIGHT SUPPLEMENTS 


Safety of Flight -Supplements аге used to get infor- 
mation to you iñ a hutty. Safety of Flight Supple- 
ments use the same number as your Flight Manual, 
except for the addition of à suffix letter. Supple- 
ments covering loss of life will get to you in 48 
hours; those coricernitg sefious damage to’ equip- 
ment will make it in 10 days. You can determine 
the status of Safety of Flight Supplenients by refer- 
ring to the Weekly Supplemental Index (Т.О. 
0-1:1A). This is the only way you can determine 
whether a supplement has been rescinded. The title 
page of the Flight Manual and title block of each 
Safety of Flight Supplement should also be checked 
to détermine the effect that these publications may 
have on existing, Safety of Flight Supplements. Itis 
critically important that you remain constantly 
aware of the status of all supplements—you must 
comply with all existing süpplements but there’ is 
no point in restricting the operation of your air- 
craft by complying with а sipplement:that has been 
replaced or rescinded, Technical Order 00-5-1 cov- 
ers some additional information tegarding these 
supplements, 


CHECK LIST 


The Flight Manual now contains only amplified 
check lists. The abbreviated check lists have been 
issued as separate cardboard technical orders. For 
the Т.О, number and date of the latest check list 
applicable to this manual, see the back of the title 
раве. Order your check list as you would any téch- 
nical order. Liñe items in the Flight Manual and 
applicable. cardboard check lists are identical as 
pertains to arranpement and item number. The 
cardboard check list is designed for use with 
bindérs having P envelopes intó which the 
| be advised 


аге, availa ё" 
Еогсе supply channels." 


aircraft, New or revised discs are issued each б 


WARNINGS; CAUTIONS, AND NOTES 


found Шок thé maiiual: 
Operating procedures, practices, etc; 


which will result in personal injury o 
loss of life. if not carefully followed: 


Operating procedures, practices, etc. 
which if not strictly observed, will resu 
in. damage to equipment. 


Note 
An operating ргоседйге, condition, её.” 
which it is essential to emphasize. 


MB-8 FLIGHT COMPUTER 


The MB-8 Flight Computer for this aircraft is prés- 
ently available, This computer is designed to pro- 
vide pilots of single and twin jet engine aircraft 
with compact Cruise control. data which will аМ йл. 
preparation of flight plans, inflight operatio 
emergency inflight. planning and operation, , Th 
computer is a five-disc, metal and plastic circu 
computer with a.canvas carrying case, Three 
discs can be used with any aircraft and are refer: 
to as "standard 4185,” The remaining discs contain " 
data only for this aircraft and are described à 
“data discs," The standard discs and carrying са 
ate carried in Class 05-A and are available thro 
normal supply channels, The data discs are 

tributed automatically to all bases having 


the performance data im the Flight Manua 
revised. The performance | data in the compute 
the manual is азе) кер. current and consisterit. 


information on the dperation of the computed 
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С) THE AIRPLANE 


The F-102A is a single-place, supersonic, all-weather 

interceptor built Ьу CONVAIR, A Division of General 

Л” Dynamics Corporation. The airplane is equipped with а 
Sa radar fire control system and is powered by a J57-P-23 
axial-flow turbojet engine with afterburner. The airplane 


SECTION I 


is best characterized by the large area, 60-degree delta 
wing and the absence of a conventional empennage. Later 
airplanes* are equipped with a modified wing (Case XX 
wing) which produces greater lift and increases perform- 
ance. The Case XX wing may be distinguished from the 
wing on earlier airplanes (Case X wing) by the droop at 
the wing-tip. The delta wing is equipped with "elevons" 
which provide combination aileron and elevator action 
from conventional cockpit controls. All control surfaces 
are hydraulically actuated and incorporate an artificial 
feel system. The airplane is equipped with a pressurized 
cockpit which contains an ejection seat. Conventional 
tricycle landing gear is utilized for takeoff and landing. 
The aft fuselage mounted speed brakes also serve as com- 
partment doors for a drag chute, The six integral wing 
tanks ate serviced by a single-point pressure refueling 
system and fuel usage is sequenced automatically to main- 
tain desirable center of gravity. 


DIMENSIONS 


The overall dimensions of the airplane under normal con- 
ditions of gross weight, tire and gear strut inflation are as 
follows: 


Wing span .................... 38 feet, 1.6 inches 
Length (including pitot boom) ...68 feet, 1.8 inches 


Height (to tip of vertical stabilizer— 
AF 54-1390, -1398, -1401, 55-3357 
and subsequent, and airplanes 
modified by TCTO 1F-102A-538) 21 feet, 2.5 inches 


*AF 55-3385, 56-1317 © оп. 
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Height (to tip of vertical stabilizer— 
all other airplanes) ........... 18 feet, 2.0 inches 


Tread “н ыва 14 feet, 2.25 inches 


Refer to Section II for minimum turning radius and 
ground clearance. 


GROSS WEIGHTS 


Gross weights range from approximately 28,150 pounds 
to approximately 31,276 pounds, according to various 
mission loading conditions. The figures below ate 
averages, and are provided to show average gross weights 
at different configurations: 


Clean With External Tanks 
Empty Weight . 19,903 20,234 
Usable Fuel ................ 7,053 9,848 
Armament. ................. 1,194 й 1,194 
Totals ......................... 28,150 | 31,276 
Note 


Тһе figures above are averages and are not to 
be used in flight planning. For further informa- 
tion refer to the Handbook of Weight and 
Balance Data, T.O. 1-1B-40, and to Weight 
Limitations, Section V of this manual. 


ENGINE 


"Thrust is supplied by a Pratt and Whitney J57-P-23 or 
J57-P-23A engine with afterburner (figure 1-5). These 
two engines are identical except for the type of after- 
burner igniter. Approximate standard sea level static 
thrust ratings for either engine is as follows: 


MAXIMUM (with afterburning) -....... 16,000 pounds 


MILITARY (without afterburning) ....10,200 pounds 


The J57 engine is an axial-flow gas turbine, commonly 
known as a “two spool” engine because it has two rotors 


revolving on concentric shafts. Each rotor assembly ---- 


includes a compressor and turbine. One distinctive char- 
acteristic of this type of engine is that the ratio of the 
turbine discharge pressure to compressor inlet pressure 
is a better indication of thrust than is rpm. One percent 
variation in rpm results in approximately five percent 
variation in thrust at the higher thrust settings; but one 
percent variation in turbine discharge pressure results in 
only approximately one and one-half percent variation 
in thrust. The nine-stage, low-pressure compressor ` is 
mounted on a solid drive shaft with a two-stage turbine. 
The seven-stage, high-pressure compressor is mounted on 
a hollow drive shaft, rotating around the first with a 


*Includes 713 pounds clean or 752 pounds with tanks for the 
weight of the pilot, survival equipment, trapped fuel and oil, 
віс. 
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single-stage turbine. Each rotor set revolves independ- 
ently of the other. A compressor air bleed system is used 
to direct part of the low-pressure, compressor air over- 
board at low engine rpm to aid in fast engine accelera- 
tion. The air bleed system is actuated automatically and 
is controlled by a governor driven by the low-pressure 
rotor. The engine combustion section includes eight inter- 
connected combustion chambers (burners) arranged in 
an annular configuration, The main engine accessory 
section, driven by the high-pressure rotor, provides reduc- 
tion gearing and mounting pads for all the engine-driven 
accessories. 


ENGINE FUEL CONTROL SYSTEM 


Fuel flow requirements are established by the pilot's 
throttle movement, and fuel flow to the engine is 
delivered and regulated by the engine fuel control sys- 
tem (figure 1-6). The system includes the engine-driven 
fuel pump unit, the fuel control unit, the fuel pressuriz- 
ing and dump vaive, and the afterburner fuel system. 
For details of the afterburner system refer to ENGINE 
AFTERBURNER SYSTEM, this Section. 


Engine-Driven Fuel Pump Unit 


The engine-driven fuel pump unit (figure 1-6) supplies 
the fuel pressure required by the engine and afterburner 
systems. The unit consists of three pumps. А centrifugal 
pump draws in fuel and forces it to two gear-type pumps. 
One gear-type pump is the engine stage fuel pump; the 
other is the afterburner stage fuel pump. The engine fuel 
pump furnishes fuel to the fuel control unit which regu- 
lates fuel flow to the engine combustion chambers. The 
afterburner fuel pump furnishes fuel to the afterburner 
metering valve which regulates fuel flow to the after- 
burner when afterburner operation is selected. When the 
afterburner is not operating the afterburner shutoff valve 
in the engine-driven fuel pump is closed and the output 
of the afterburner fuel pump is routed back to the dis- 
charge stream from the centrifugal pump. А warning 


ht in the cockpit-illuminates if the enginé fue el pump 
Might i € coc umunates if the en 


fails,.and.a.transfer.valve-in-the-engine-driven fuel | pump 

unit automatically opens to~allow_ aes m the oütput 

side of the afterburner pump to Йом 
е afterbu 


2 ‘During this. “condition, fuel is supp те 


to both 


the engine and afterburner systems, if the throttle is in 


AFTERBURNER range. If the engine stage fuel pump 
fails during conditions of afterburner operation (i.e., 
takeoff), some additional thrust will be obtained if after- 
burner operation is continued. However, if the engine 
is in a non-afterburning condition at the time of engine 
stage fuel pump failure, afterburner operation should 
not be attempted. Jf the afterburner pump fails, the 
engine fuel pump cannot supply fuel to the afterburner. 


Fuel Control Unit 


‚же 
The fuel control unit (figure 1-6) regulates fuel flow to 
the engine combustion chambers and incorporates normal 
and emergency fuel control systems. The normal fuel 


С 


О 


Т.О. 1F-102A-1 


control system contains a mechanical computer, а gover- 
nor, and temperature and pressure sensing elements which 
control the main metering valve. The computer, in addi- 
tion to throttle position requirements, senses changes in 
flight conditions and regulates fuel flow to insure opti- 
mum engine operation. During rapid engine accelerations 
the normal fuel control system regulates fuel flow to 
prevent overspeed, overtemperature, compressor stalls 
and flameouts. The normal fuel control system also main- 
tains а minimum fuel flow at high altitudes and during 
rapid decelerations to prevent engine flameout. Excess 
fuel not required by the engine is routed back to the 
engine-driven fuel pump unit by the main bypass valve. 
Тһе emergency fuel control system provides an alternate 
system of regulating fuel flow to the combustion cham- 
bers in event of failure of components within the normal 
system. There are no provisions for automatic transfer to 
the emergency system in event of failure of the normal 
system. When the emergency fuel control system is ener- 
gized, the normal system is rendered inoperative and fuel 
flow is controlled by the emergency throttle valve. This 
valve is connected directly to the throttle; therefore, 
emergency fuel flow is manually controlled. The emer: 


genc fuel control syst: will,however, compensate for 
Ititude variations up со approximately 30,000 feet. (At 
higher altitudes the throttle must be successively retarded 


When operating on the emergency fuel control 
system, rapid throttle movements must be 
avoided to prevent overspeed, overtemperature, 
compressor stalls and flameouts since only the 
normal system contains these compensating 
features. 


Excess fuel not required by the engine when operating 
on the emergency system is routed back to the engine 
fuel pump unit by the emergency bypass valve. When 
the throttle is placed in OFF, a mechanically controlled 
cutoff valve in the fuel control unit shuts off al! fuel flow 
to the combustion chambers. 


fuel Control Takeoff Locks 


As fuel flow control is not transferred automatically to 
the emergency system if the normal system fails, mechan- 
ical locks are included, in early airplanes, in the fuel con- 
trol unit to maintain adequate fuel flow for takeoff and 
initial climb. These locks are controlled by placing the 
throttle to TAKEOFF position. To avoid feeding too 
much fuel at high altitude, it is necessary to retard the 
throttle lever below TAKEOFF position before reaching 
7000 feet altitude. 
Note 

Since normal thrust variations are not obtain- 

able when the takeoff locks are engaged, ТАКЕ- 

OFT position of the throttle is not normally 

suitable for formation takeoff operations. 
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Figure 1-1 


On later airplanes, the fuel control takeoff locks are 
removed to preclude the possibility of critical engine 
overspeed or temperature conditions when the throttle 
is inadvertently left in TAKEOFF while climbing above 
7000 feet. 
Note 

А placard is installed on the throttle quadrant 

on all airplanes which do not incorporate the 

takeoff locks. 


Fuel Pressurizing and Dump Valve 


The fuel pressurization and dump valve (figure 1-6) is 
located in the fuel control system between the fuel valve 
and the combustion chambers. The unit controls flow to 
the primary and secondary dual injector nozzles in the 
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engine combustion chambers. To facilitate starting, fuel 
ас relatively low pressure is directed through the primary 
manifold. Spring tension on the pressurizing valve keeps 
the port to the secondary manifold closed until increasing 
engine speed builds up fuel pressure high enough to over- 
come the spring tension and open the valve. When this 
happens, fuel flows through both primary and secondary 
manifolds. When the engine. is stopped, the cutoff valve 
in the fuel control unit is closed by throttle movement, 
and the dump valve in the pressurizing and dump valve 
unit opens to permit residual fuel to drain overboard. 


THROTTLE 


Engine thrust is controlled by the throttle (figure 1-7) 
which is located on the left-hand console. The throt- 
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tle is mechanically linked to the fuel control unit and 
controls the normal and етегдепсу fuel system and 
afterburner operation. 
Note 
The throttle is actually a thrust control lever as 
its function is to set up a thrust condition for 
which the fuel control meters fuel со the engine 
with automatic compensation (under normal 
fuel conttol) for engine rpm, ambient air con- 
ditions and coinpressor discharge pressure. 


The throttle grip contains the speed brakes switch, igni- 
tion button, microphone button and takeoff lock trigger 
(some airplanes). An automatic anti-creep spring assem- 
bly is installed in the throttle quadrant to prevent throttle 


- 
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creep in fore and aft directions, thus eliminating the need 
for a manual friction lock. Positioning the throttle out- 
board from OFF to START arms the starter. When the 
ignition button is depressed (with throttle in START 
position) the combustion starter is actuated by air and air- 
motors the engine to approximately six percent rpm. 
With che ignition button depressed, moving the throttle 
inboard to OFF energizes the starter and ignition circuit. 
At the forward IDLE stop, the throttle must be moved 
inboard to clear the stop. This places the throttle in the 
IDLE position of the normal range. The throttle may be 
advanced to the FULL MIL POWER position and after 
depressing the takeoff lock trigger, to the TAKEOFF 
position which engages the takeoff locks in the fuel соп- 
trol unit. On airplanes not equipped with fuel control 
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takeoff locks, the throttle should also be advanced to 
TAKEOFF position after depressing the takeoff lock trig- 
ger. Placing the throttle outboard of the mechanical lock 
prevents inadvertently moving the throttle out of AFTER- 
BURNER when retracting the landing gear, To disen- 
gage the mechanical locks, the throttle is moved aft of 
TAKEOFF position without depressing the trigger as the 
FULL MIL POWER stop offers no resistance when 
retarding the throttle. On other airplanes which are not 
equipped with a takeoff lock trigger, there is no TAKE- 
OFF position on the диадгапс. On these airplanes, plac- 
ing the throttle in FULL MIL POWER and moving it 
outboard will lock the throttle outboard in AFTER- 
BURNER range until the throttle is retarded 59 aft of 
the stop. Аг any point along the normal thrust range 
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forward of the afterburner rear stop, the throttle may 
be moved outboard to the AFTERBURNER range. А 
microswitch in the throttle quadrant fires the afterburner 
when the throttle is moved into this range. А detent 
mechanism in the quadrant separates the two arcs of 
travel, so that the throttle must be forced from one side 
of its slot to the other, and cannot accidentally slip out 
of the AFTERBURNER range. At maximum power set- 
ting, the afterburner may be shut off by retarding the 
throttle slightly and moving it inboard, without disen- 
gaging the fuel control mechanical locks. Throttle posi- 
tion can also cause the landing gear warning light to 
illuminate. Refer to LANDING GEAR WARNING 
LIGHT AND TEST BUTTON, this Section, Retarding 
the throttle го IDLE on early airplanes also activates a 
jet pump to provide for electronics compartment ground 
cooling. On later airplanes,* retarding the throttle to 
72% rpm or less activates the jet putnp. (Refer to Sec- 
tion IV for electronic cooling.) 


TAKEOFF LOCK TRIGGER 


А two-position takeoff lock trigger (some airplanes) is 
located on the throttle quadrant (figure 1-7). The trig- 
get is spring-loaded in the up. position and prevents 
inadvertently moving the throttle into the TAKEOFF 
thrust range. When depressed, the trigger mechanically 
lowers a latch that allows the throttle to be advanced 
to the TAKEOFF thrust. range. This position, besides 
engaging the takeoff locks in the fuel control unit on 
some airplanes, places the throttle outboard of a mechani- 
cal lock that prevents inadvertently moving the throttle 
out of AFTERBURNER when retracting the landing 
gear. In retarding the throttle, it is not necessary to 
depress the takeoff lock trigger, as the FULL MIL 
POWER stop offers no resistance. The two positions of 
the takeoff lock trigger are not placarded. 


FUEL CONTROL SWITCH 


The guarded fuel contro! switch (figure 1-7) is located 
on the throttle quadrant, to the left of the throttle, and 
is used to select either normal or emergency fuel control 
system. The switch is placarded "Fuel Controls" and has 
two positions, NORMAL and EMERGENCY. When іп 
NORMAL position the emergency shuttle valve in the 
fuel control unit is electrically positioned to permit 
normal fuel control system operation. When in EMER- 
GENCY position, the emergency shuttle valve is elec- 
trically positioned to permit emergency fuel control 
operation. A. warning light illuminates when the emer- 
gency fuel control switch is in EMERGENCY position. 
Power is taken from the 28-volt dc essential bus. 


ENGINE PRESSURE RATIO GAGE 


The engine pressure ratio gage (28, figure 1-4; figure 
1-8) is used during preflight engine checks and for estab- 
lishing inflight cruise thrust settings. During the pre- 


*AF 55-3371 6 on. 
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flight engine checks the gage is used to determine whe- 
ther the engine thrust on the ground at full throttle is 
acceptable for takeoff. This gage is located on the instru- 
ment panel and compares pitot pressure (from pitot-static 
system) and engine turbine discharge pressure. This 
differential pressure is indicated in pressure ratio ranging 
in increments from 1.2 to 3.4. Maximum and minimum 
takeoff thrust limits are obtained from the Takeoff Check 
Chart in the Appendix. These limits vary with ambient 
temperature. The pressure ratio gage incorporates two 
adjustable reference marks which are set by a knob on 
the lower left side of the gage. The smal! triangular 
reference mark references the setting which appears in 
the cruise window, located in the upper portion of the 
instrument. Cruise thrust settings are obtained from the 
cruise charts in the Appendix. The extreme ends of the 
elongated reference mark reference the minimum and 
maximum takeoff limits and the notched portion of the 
reference mark represents the trim limits which are uti- 
lized for stabilized engine operation. When using the 
pressure ratio gage to check thrust prior to takeoff, a 
thrust overshoot may be noted when the throttle is 
advanced to FULL MIL POWER from IDLE on a cold 
engine. This thrust overshoot will gradually diminish to 
the specified value within approximately five minutes. 
This condition is considered to be normal. Power to the 
engine pressure ratio gage is supplied from the 200/115- 
volt, 400-cyclé, ac essential bus. 


TACHOMETER 


The tachometer (15, figure 1-4; figure 1-8) indicates 
percentages of high-pressure rotor rpm, based on the 
figure 9976 rpm as 100%. The rpm at which full military 
thrust is obtained varies for each engine. Therefore, the 
rpm percentage indicated by the tachometer is пос neces- 
sarily a direct indication of percentage of military thrust 
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rpm. The military power rpm for each engine is pla- 
carded on the engine data plate. The tachometer is a 
synchronous motor which responds to the speed of an 
engine-driven generator and therefore operates independ- 
ently of the airplane electrical system. The main pointer 
is calibrated up со 100% rpm and the sub-pointer makes 
one complete revolution for each 10% change in engine 
rpm. By using the sub-pointer, up to 110% rpm can be 
read. 


EXHAUST GAS TEMPERATURE GAGE 


The exhaust gas temperature gage (17, figure 1-4; figure 
1-8), located on the instrument panel, is a remote indi- 
cating instrument which registers in degrees centigrade 
the turbine discharge temperature measured by thermo- 
couples located in the tailpipe aft of the last stage of the 
turbine. On some airplanes the face of the indicator is 
calibrated to indicate from 0° to 1000°C (32° to 1832°F) 
in increments of 100°C up to 500°C, in 20°C from 500° 
to 800°C, and in 100°C from 800° to 1000°C. On other 
airplanes, the indicator is calibrated in increments of 20°C 
from 0° to 1000°С. The indicator is actuated by voltages 
produced by the thermocouples, and therefore the system 
is independent of the airplane electrical system. 


FUEL FLOW INDICATOR 


a transmitter located in the fuel line downstream from 


the fuel control unit (figure 1-6). All fuel entering the 
engine passes through the transmitter. The indicator is 
calibrated to show the rate of flow from 0 to 12,000 
pounds per hour, The indicator dial is graduated in 100- 
pound increments up to 3000 pounds and in 1000-pound 
increments from 3000 to 12,000 pounds. The fuel flow 
indicator does not indicate fuel flow to the afterburner 
system. The indicator power is supplied from the 26-volt, 
400-cycle ac essential bus. 


OIL PRESSURE-LOW WARNING LIGHT 


The oil pressure-low warning light (5, figure 1-26), 
located on the warning light panel, illuminates and dis- 
plays "OIL PRESS" when the engine oil pressure falls 
below 36 (2:2) psi and goes out when the pressure 
rises above 40 psi. The light is controlled by a pressure 
switch in the oil line. The oil pressure-low warning sys- 
tem receives power from the 28-volt dc essential bus. 


ENGINE FUEL PUMP FAILURE WARNING LIGHT 


The engine fuel pump failure warning light (8, figure 
1-26), located on the warning light panel, illuminates 
and displays "ENG FUEL PUMP" if the engine stage 
of the engine-driven fuel pump unit fails. Power is sup- 
plied from the 28-volt dc essential bus. 
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EMERGENCY FUEL CONTROL WARNING LIGHT 


The emergency fuel control warning light (4, figure 
1-26), located in the warning light panel, illuminates 
and displays “ЕМЕК FUEL ОМ” when the fuel control 
switch is moved from NORMAL to EMERGENCY posi- 
tion. The light receives power from the 28-volt dc 
essential bus. 


ENGINE STARTER AND IGNITION SYSTEM 


Тһе combustion starter is a self contained unit consisting 
of a small gas turbine, a drive assembly, and electrical 
control valves, Air under 3000 psi pressure is supplied 
from either a ground source or the airplane's high- 
pressure pneumatic system. When the starter is supplied 
with air pressure from a ground source, a high-pressure 
air hose is attached to the pneumatic system filler valve 
on the forward side of the left main wheel well. Тһе 
pressure is reduced to 300 psi by an air control valve, 
through which air flows to the starter combustion cham- 
ber and the starter fuel flask, Fuel supply is tapped from 
the engine fuel supply line, at a point downstream from 
the left-hand fuel boost pumps. The electrically operated 
fuel and air valves and the starter ignition system are 
controlled by switches in the throttle quadrant, and by 
the engine ignition button on the throttle lever grip. 


Automatic controls within the starter unit prevent over- 


speeding Of the unit and shut off stay uel and air 


val з аи ipt, Or whem Ip EI 


"engine increases to approximately—35 с engine rpm. 


Power for all electrical controls 15 taken-fromrthe 28-Volt 7” 
de essential Ба me 


Note 

The air supply, under normal conditions, for 
the combustion starter will be from a ground 
cart, In the event that a ground cart is not 
available, starting air for one start may be taken 
from the airplane high-pressure pneumatic sys- 
tem supply flasks by placing the manual shutoff 
valve in the left main landing gear wheel well 
to the open position placarded AIRCRAFT. 
The number of starts available will depend 
upon the mission requirements. For a tactical 
armament firing mission, air will normally be 
available for one start. For a mission not requir- 
ing armament firing, air will be available for 
two starts with each start using about 900 psi 
air pressure. 


Ignition is accomplished by the use of high tension 
transformers, two igniter plugs located in combustion 
chambers No. 4 and 5, and the ignition button which 
is electrically connected with the starter control circuit. 
The engine ignition circuit is energized only during 
engine starting as combustion is continuous once the 
engine: starts, The afterburner is ignited by “hot streak” 
ignition and requires no electrical ignition for operation. 
Since the ignition and starter circuits are electrically 
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interconnected, the throttle must be moved outboard to 
START in order to arm the ignition circuit. The ignition 
button must be depressed to the START position and 
held depressed while the throttle is moved inboard to 
energize the igniters. On some airplanes, the same action 
is required for an air start, although the starter circuits 
are bypassed. Other airplanes* incorporate an all-points 
ignition system that permits energizing the igniters 
from any throttle position when the airplane is airborne. 


Ignition Button 


The ignition button (figure 1-7) is used to energize the 
igniters during starting and is located on the throttle. 
During ground starts, the throttle must. be used in con- 
junction with the ignition button to arm the ignition 
circuit and control the starter (refer to THROTTLE, 
this Section). The ignition button serves the same basic 
function when making an air start; however, on air- 
planes with all-points ignition®, it is. not necessary to 
arm the ignition circuit by placing the throttle to 
START. With the all-points system, the ignition circuit 
is armed and the button is "hor" whenever the weight 
of the airplane is off the left main landing gear. The 
ignition button receives power from the 28-volt dc essen- 
Ча] bus. 


Engine Ignitio connect Switch 


e guarded engine ignition disconnect switch is located 
in the left main wheel well. The switch is used to inter- 
rupt power between the ignition power circuit breaker 
and the engine igniters. The engine can then be “motored” 
without ignition in the combustion chambers. The two- 
position switch is placarded "Eng Ign Arm" with ON and 
FF positions. The switch is ON during flight. The 
сіксшіс receives power from the 28-volt dc essential bus. 


ENGINE COOLING 


In flight, cooling air is taken from the engine air intake 
ducts to cool the engine and accessories and the elec- 
tronic bays. On the ground, that portion of the engine 
within the engine shroud is cooled by bleed air ducted 
from the low-pressure compressor section of the engine. 
The bleed air valve is controlled by the down-and-locked 
switch on the main landing gear. When the main land- 
ing gear is down and locked, the cooling air valve opens. 
When the landing gear is unlocked for retraction, the 
switch recloses the valve. During ground operation, and 
at speeds up to 150 knots, the flow іп the outer annulus 
between the shroud and fuselage skin is reversed due to 
the existence of a vacuum, or low pressure area within 
the engine air inler duct. Air enters the fuselage at the 
tail cone and flows forward over the engine shroud, 
through the engine accessory section, then flows into the 
engine air inlet duct via the air-oil cooler duct and the 
intake duct scroll. Reverse airflow also occurs at the aft 
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electronic bay cooling air duct, whereby air is drawn in 
from the landing gear wheel well and exits into the 
engine air intake duct. The cooling air for reverse flow 
of the ac and dc generator ducts is drawn from the out- 
side of the fuselage. This air is controlled by a differential 
pressure flapper valve. Additional cooling, especially of 
the engine bearings and adjacent parts, is accomplished 
by forced circulation of the engine oil, which absorbs 
heat from engine bearings and conducts it to heat 
exchangers (fuel and air-oil coolers). 


ENGINE AFTERBURNER SYSTEM 


Тһе engine is equipped with an afterburner which aug- 
ments engine thrust to obtain maximum thrust (approx- 
imately 50% additional thrust at sea level). Engine 
operation with maximum thrust results in a high fuel 
consumption rate; therefore, afterburner operations 
should be used only when this additional thrust is 
required. Operation of the afterburner is controlled by 
the throttle (see figure 1-6). When the throttle.is placed 
outboard to AFTERBURNER, the afterburner shutoff 
valve (in che engine-driven fuel pump unit) is opened 
by power from the 28-vole dc essential bus. Fuel, is 


routed to the afterburner metering valve which-régulates___ 
afterburner fuel in relation to compressor discharge, pres- 

ау = nas e аа, 
мевае (which is governed Бу flight conditions and engine 


speed). Metered fuel is then supplied to the afterburner 
ignitér and afterburner fuel spray bars. Ас the same time, 
unmetered afterburner fuel actuates the exhaust nozzle 
“control to prneumaticatly-open-tdhe nozzle during after: 
-burner operation When engine thrust is varied, after? 
Баёпег thrust-wili-also vary. Thrust variation will range 
from. maximum thrust available to approximately 50% 
afterbutning thrust when the throttle is retarded in the 
AFTERBURNER range. 
Note 
Тһе afterburner can be used while the engine 
is operating on the emergency fuel control sys- 
tem if the main system fails. However, rapid 
throttle movement should be avoided to prevent 
overspeed, overtemperature, compressor stalls 
and flameouts. 


AFTERBURNER EXHAUST NOZZLE 


The two-position exhaust nozzle at the end of the tail 
pipe is opened or closed to provide the proper exhaust 
area for either normal or afterburner engine operation. 
The nozzle flaps are moved to the full open position dur- 
ing afterburner operation and returnéd to the minimum 
nozzle opening area when the afterburner is not in use. 
Positioning of the nozzle flaps is accomplished automati- 
cally by means of the exhaust nozzle control unit. Мо 
emergency override control is included. 


AFTERBURNER IGNITER 


When the afterburner system is actuated, fuel from the 
afterburner metering valve is directed to the igniter unit. 
(See figure 1-6.) This metered fuel flow actuates the 
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igniter unit, which momentarily injects а small amount 
of fuel into one 6f the engine combustion chambers, 
thereby creating a local excessively rich fuel-air mixture. 
The excess fuel forms a longer flame front that continues 
to burn past the turbines. The extended flame provides 
“hot streak” ignition to ignite the fuel being discharged 
from the afterburner fuel spray bars, The igniter is actu- 
ated only when full pressure is built up within the after- 
burner manifold, so that fuel is available at the spray 
bars when the igniter introduces fuel to the burner for 


ignition, 416 afterburner light-up is not accomplished 
after the throttle is moved outboard to the AFTER- 
BURNER enger TEE De а again be тохед 
inboard, and-then after two To five seconds it should be 


moved to AFTERBURNER range to recycle the igniter. 


An afterburner recirculating igniter is installed that 
improves internal cooling, thereby preventing "coking" 
and increasing reliability of the system. 


AFTERBURNER EXHAUST NOZZLE 
CONTROL UNIT 


Opening and closing the afterburner exhaust nozzle is 
controlled by afterburner fuel pressure through the 
exhaust nozzle control unit (figure 1-6). When the throt- 
tle is moved outboard іо AFTERBURNER, the elec- 
trically operated shutoff valve in the fuel pump unit 
is opened (by power from the 28-volt dc essential bus), 
permitting unmetered fuel from the afterburner fuel 
pump to enter the afterburner exhaust nozzle control 
unit. This fuel pressure moves a valve within the con- 
trol unit, which direcrs engine bleed air to the nozzle 
actuating cylinders to open the nozzle flaps. Moving the 
throttle inboard from AFTERBURNER range closes the 
shutoff valve, so that fuel pressure is no longer supplied 
to the nozzle control unit. The valve in the control unit is 
then positioned to route engine bleed air to close the 
nozzle flaps for normal engine operation. 
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AFTERBURNER EMERGENCY SHUTOFF 


The afterburner system is shut off mechanically in the 
event afterburner norma! electrical control fat п 
the throttle is moved out of ће AFTERBURNER range 


throttle shun erar led smaztTy-thirou, nge) 
mechanical linkage will open the afterburner emergency 
bypass valve (see figure 1-6). All fuel being supplied 
to the afterburner system will then be returned to the 
engine fuel pump unit, This terminates afterburning 
operation and closes the exhaust nozzle. Whenever the 
throttle is advanced through (һе AFTERBURNER cut- 
off range, the bypass valve will close and again permit 
afterburning operation. If the afterburner shuts off nor- 
mally, the operation of the emergency shutoff bypass 
valve will not affect normal operation. 


OIL SUPPLY SYSTEM 


The engine oil system supplies the engine with oil for 
lübrication and cooling and also supplies oil to serve as 
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both a lubricating and an actuating fluid in the ac gen- 
erator constant-speed drive unit. The engine oil tank has 
a capacity of 5.5 U. S. gallons plus an expansion space 


of 1.6 U.S. gallons. Maximam engine oil consumption 
—=is four pints per_hour. Oil from the engine oil tank is 


“~~und—thert—recarded—below—approximately—90% tpr 
он 


акеп into а gear-type pump, from which it is discharged 
under pressure to the engine gears, bearings, and also to 
the constant-speed drive, engine-mounted gear box, Scav- 
enged oil is picked up by six gear-type pumps and routed 
through an air-oil cooler and to a fuel-oil cooler thermo- 
static valve. 1Ё the oil has been cooled sufficiently it is 
then routed to the oil tank. If it is not cooled sufficiently 
the oil is routed through a fuel-oil cooler and then 
returned to the oil tank. The oil tank contains à 
de-aerator which separates entrained air from the oil, The 
fuselage mounted constant-speed drive transmission oil 
supply is taken from the bottom of the engine oil tank. 
On some airplanes the oil is gravity-fed to the trans- 
mission. On other airplanes the oil reaches the transmis- 
sion through a combination boost pump and negative g 
recirculating valve. During negative g conditions, the 
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а 
boost pump, recirculating valve, and an accumulator 
maintain a steady supply of oil to the constant-speed 
drive transmission by diverting the scavenge oil to the 
inlet of che transmission and recirculating it until g 
conditions return to normal. On some airplanes* a stand- 
pipe oil system has been installed. The standpipe reduces 
the possibility of complete loss of engine oil if a constant- 
speed drive failure results in loss of oil. The standpipe 
system provides a seven-quart emergency reserve of oil 
for the engine. See figure 1-33, for oil specifications. 


Refer to PROHIBITED MANEUVERS, Sec- 
tion V, for negative g flight limits for airplanes 
with and without negative g recirculating valve 
installed. 


FUEL SUPPLY SYSTEM 


Fuel is supplied to the engine fuel control system by the 
airplane fuel system which consists of six integral tanks 
located in the wings (figure 1-9). The fuel supply can 
be augmented by installing droppable external tanks. 
The three fuel tanks in each wing are numbered in the 
order in which they are emptied. The Мо. 3 tanks are 
the last to empty and the only tanks which feed to the 
engine. No. 1, No. 2, and No. 3 tanks are located respec- 
tively in the aft-outboard, forward, and aft-inboard sec- 
tions of each wing. The wing spars, ribs, and skin 
embody the individual tanks, and joints within!the tanks 
are sealed by a bonding agent. Access to the individual 
tanks is obtained through access doors on the wing lower 
surface, Fuel is transferred from tank to tank within 
each wing by pressurization. This pressurization is pro- 
vided by engine compressor bleed air and also serves 
to prevent excessive vaporization at high altitudes, Air 
pressure enters each No. 1 tank through а pressure 
regulator. As fuel is drawn from the No. 3 tank, the 
pressure differential between tanks forces fuel from the 
No. 1 tank to the No. 2 tank which, in turn, forces 
fuel, into the No. 3 tank. Relief valves are provided to 
automatically protect the tanks against excessive pres- 
sure and vacuum. During a dive, the fuel transfer lines 
to the No, 3 tanks might be uncovered, disrupting fuel 
transfer and allowing air to enter these tanks while 
fuel remains in the No. 2 tanks, As level flight is 
resumed, float valves automatically vent the Мо. 3 tanks 
to atmosphere, restoring the pressure differential and 
normal fuel transfer. Fuel is supplied from the No. 3 
tanks through fuel shutoff valves and a fuel flow equal- 
izer to the engine fuel control system (figure 1-6). Two 
electrically driven boost pumps in each No. 3 tank pro- 
vide additional system pressure. However, if the boost 
pumps are inoperative, the engine-driven fuel pump, 
aided by tank pressurization, will supply fuel through a 
dual check valve inlet bellmouth located on the output 
side of the boost pumps. When operating without boost 
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pumps, care is required to prevent unporting the inlet 
bellmouths which will let air enter the engine fuel con- 
trol system and could cause flameout. 


SINGLE-POINT REFUELING 


Тһе internal fuel tanks can be serviced only by a single- 
point refueling adapter located in the aft side of the left 
main wheel well. During refueling operations fuel is 
routed to each No. 3 tank through a flow limiter-pressure 
regulator and refueling shutoff valve. When each No. 
3 tank has filled, fuel passes into and fills each No. 2 tank 
and then the No. 1 tanks. As soon as each Мо, 1 tank 
fills, a high-level float valve will automatically close the 
refueling shutoff valve by hydraulic action and stop fuel 
flow input. External electrical power is not required dur- 
ing refueling. Inflight refueling provisions are not pro- 
vided on this airplane. 
Note 

„Еме! pressure of 55 to 60 psi should be pro- 

vided from the fuel truck during refueling to 

Obtain satisfactory operation of the refueling 

system. 


Fuel tank capacities are given in figure 1-11 and fuel 
specifications in figure 1-33. 


EXTERNAL TANKS 


Droppable external fuel tanks can be installed on some 
airplanes" to augment the internal fuel supply. Installa- 
tion provisions are made on the lower surface of each 
wing for two standard 230-gallon tanks which can be 
jettisoned by а ballistic charge. The fuel іп these tanks 
is transferred into the Мо, 1 tanks by engine bleed air 
pressure which is regulated at a higher pressure than that 
of the normal fuel system pressurization. On some air- 
planes, once the engine has started, fuel transfer from 
the external tanks commences automatically, On later 
airplanes"?, fuel from the external tanks may Бе con- 
trolled by an external fuel transfer switch (4, figure 1-4; 
figure 1-10). High-level floats within the No. 1 tanks will 
close shutoff valves in the fuel transfer lines between the 
external tanks and the No. 1 tanks by hydraulic action. 
"This prevents the higher fuel pressure within the external 
tanks from entering the internal fuel system, À low- 
level float switch (power from the dc nonessential bus) 
in each external tank will close a shutoff valve in the 
pneumatic pressure line, preventing excessive pneumatic 
pressure from entering the internal fuel system, when 
fuel is exhausted from the external tanks, Vacuum relief 
valves in the pneumatic pressure lines will relieve neg- 
ative pressures in the external tank during high rates of 
descent. Since external fuel is not indicated on the fuel 
quantity gage, fuel transfer from the external tanks can 
be noted by the fact that fuel quantity indication will 
not decrease until the external tanks have emptied. 


"AF 53-1791, -1794, 56-1045 © оп, Є airplanes modified by 
ТСТО 1Е-102-534. 
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Note 
In the event of dc generator failure, loss of 
power to the low-level float switches in the 
external tanks would cause fuel transfer from 
these tanks to stop. 


The external tanks are jettisoned by depressing the exter- 
nal rank jettison button. À ballistic charge is used to 
unlock and separate the tanks and pylons from the 
wings. Refer to Section V for operating limitations with ` 
external tanks installed. 


FUEL BOOST PUMPS 


Two electrically driven, submerged dual impeller boost 
pumps are installed in each No. 3 fuel tank (figure 1-9) 
to supply fuel under pressure to the engine fuel control 
system. Operation of these pumps is controlled by 
switches located on the fuel control panel. Each pump 
contains two suction-feed lines for fuel pickup at both 
top and bottom of the tank. Also, the pumps are diago- 
nally located in the fuel tank to insure fuel supply 
regardless of flight attitude when there is usable fuel 
remaining in each No. 3 wing tank. If the boost pumps 
are inoperative, a dual-check valve inlet, located in the 
output fuel line, will permit che engine-driven pump to 
supply fuel to the engine by suction feed. These impeller 
boost pumps will not pump air. Ás long as any of the 
four pumps is operating in fuel, an uninterrupted flow 
of fuel із assured and entry of air into the engine fuel 
system is precluded. The pumps are powered by the 
200/115-volt, 400-cycle nonessential ac bus and are pro- 
tected by fuses. Control relays receive power from the 
28-volt dc essential bus. 


Note 
Failure of boost pumps within one wing fuel 
system will establish a bypass condition of the 
fuel flow equalizer. Asymmetrical fuel usage 
should be corrected by shutting off boost pumps 
within the opposite wing. 


FUEL SHUTOFF VALVES 


Two electric, motor-driven, sliding-gate shutoff valves аге 
used to cut off fuel supply to the engine from the fuel 
tanks. These valves, located one in each No. 3 tank outlet 
fuel line, can be controlled from the fuel control panel 
on the left console. On some airplanes, the valves can be 
controlled individually or simultaneously by use of the 
fuel selector switch. On other airplanes* a separate fuel 
shutoff valve switch is provided for each valve, The fuel 
shutoff valves are normally open throughout a flight and 
are powered by the 28-volt dc essential bus. 


Note 
The valves require three to five seconds to rotate 
fully closed. If the master switch is turned OFF 
during rotation, the sliding gate shutoff valves 
remain partially open. 


* Airplanes modified by TCTO 1F-102-690. 
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FUEL FLOW EQUALIZER 


A fuel flow equalizer is used to regulate symmetrical fuel 
usage from each wing tank system. The flow equalizer 
is located іп the fuel line between the Мо. 3 tank and 
the engine füel control unit. А bypass condition is auto- 
matically established to insure fuel. supply in the event 
of boost pump failure within one wing or malfunction 
of the flow equalizer. 


FUEL SELECTOR SWITCH 


On some airplanes* a four-position selector switch (fig- 
ure 1-10) controls the fuel shutoff valves and is located 
on the fuel control panel. Switch positions are pla- 
carded L, ENGINE, В, and OFF. When positioned to 
L, fuel is supplied from the left-hand fuel system only. 
ENGINE position allows fuel to be supplied from both 
left- and right-hand fuel systems. When positioned to 
R, fuel is supplied from the right-hand fuel system only. 
OFF position closes both fuel shutoff valves. On some 
airplanes** the fuel selector switch is safety-wired to 
the ENGINE position and is placarded with operating 
instructions. Power is supplied from the 28-volt dc 
essential bus. 


Note 
• То preclude the possibility of a shutoff valve 
failing to open, the fuel selector switch should 
remain on ENGINE position duting normal 
flight, The symmetrical fuel usage should be 
controlled by use-of boost pump switches. 


Ф Due to the proximity of the fuel selector switch 
to the ARC-34 command radio selector control, 
be certain that the desired control is selected 
prior to movement. 


FUEL SHUTOFF VALVE SWITCHES 


On some airplanes}, the left- and right-hand fuel shut- - 


off valves are controlled by individual switches located 
at the bottom of (һе fuel control panel (figure 1-10). 
These switches, placarded “Fuel Valve," have OPEN and 
CLOSE positions and are guarded in the OPEN position. 
Each switch is individually operated to control the 
corresponding fuel shutoff valve. All fuel flow from a 
wing may be shut off by placing the appropriate switch 
in the CLOSE position. The fuel shutoff switches receive 
power from the 28-volt dc essential bus. 


Note 
To preclude the possibility of à shutoff valve 
failing to open, the fuel shutoff valve switches 
should remain at OPEN during normal flight. 
Symmetrical fuel usage should be controlled by 
use of boost pumps. 


* Airplanes not modified by ТСТО 1Е-102-690. 
xtIn-accordance witb TCTO ТЕ-102-686, 
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FUEL BOOST PUMP SWITCHES 


Four two-position fuel boost pump switches (figure 1-10) 
are located on the fuel control panel to provide indi- 
vidual control of the fuel boost pumps. The pairs of 
switches are placarded "LH Boost Pumps" and "RH 
Boost Pumps" wich ON and OFF positions which con- 
tro! the boost pumps accordingly. Individual switches 
are placarded "Fwd" and "Aft" co identify the specific 
pump within each fuel tank. On some airplanes*, fuel 
boost pumps switches are wired in series with the fuel 
shutoff valves, and the valves must be open for the pumps 
to operate. The control circuit receives power from the 
28-volt dc essential bus. 


EXTERNAL TANKS JETTISON BUTTON 


'The ring-guarded external tanks jettison button (figure 
1-24) is provided to jettison the external tanks, The but- 
ton is located on the landing gear control panel and is 
placarded “Wing Tank Release." When the button is 
pressed electrically fired ballistic charges unlock and 
separate the pylons and tanks from the wings, The jetti- 
son circuits receives power from the 28-volt dc essen- 


tial bus. 


The external tank jettison button should not 
be depressed while the landing gear is extended 
except during an emergency. The landing gear 
fairing doors will be damaged as the external 
tanks are released. 


EXTERNAL TANK FUEL TRANSFER SWITCH 


Ап external tank fuel transfer switch** (4, figure 1-4; fig- 
ure 1-10) is installed on some airplanes to control fuel 
transfer from the external tanks. This switch is located 
on the left-hand side of the instrument panel and is 
placarded "Ext Tank Fuel Transfer” with positions ON 


' and OFF. Placing the switch in the ОМ position opens 


а solenoid-operated valve in each external tank рге5- 
surization line. When fuel in the external tanks is 
expended pressurization to these tanks is shut off auto- 
matically. The switch is powered by the 28-volt dc 
nonessentíal bus. 
Note 

Refer to Section V for limitations on external 

tank use without the external tank fuel cransfer 

switch installed. 


EXTERNAL TANK JETTISON WARNING 
LIGHTS AND SAFETY PIN 


Some airplanes? are equipped with an external tank 
ground safety switch and a ground safety switch warning 
light panel, both of which are located in the left side of 


ФАР 56-1206 & on, © airplanes modified by ТСТО 1F-102-651. 
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the main wheel well. The ground safety switch is 
mounted on the side of the panel and consists of a 
receptacle into which a safety pin is inserted. The safety 
pin has a red streamer and should be installed during all 
ground operations. Two red, press-to-test lights are 
mounted on the panel, one placarded LH and the other 
RH. If either or both lights are illuminated, іс is an 
indication that either or both tank jettison circuits are 


energized. 


Do not remove safety lock pin if red light is оп. 


Prior to removing the safety pin the lights should be 
press-tested for satisfactory operation. The warning lights 
are powered by the 28-volt dc essential bus. 


FUEL QUANTITY GAGE SELECTOR SWITCH 


The fuel quantity gage selector switch (figure 1-10), 
located on the fuel control panel, connects the fuel 
quantity gage to various tank quantity indicating circuits. 
On some airplanes, the switch is a three-position toggle 
switch with L, R, and TOTAL positions, permitting the 
indicator to read total internal fuel in both wings or 
total internal fuel in either wing. On some airplanes the 
І, and R positions are replaced Бу #31. and #3R. Select- 
ing these positions provides an indication of fuel quan- 
tity in the No. 3 fuel tanks. On still other airplanes, 
the fuel quantity gage selector switch has a TOTAL 
position as well as a WING and #3 position for both left 
and right wings. Thus, it is possible to determine total 
internal fuel, total fuel in each wing, and total fuel in 
each No. 3 tank. There are no provisions for indicating 
fuel quantity in the external tanks. Power to the fuel 
quantity gage selector switch is supplied by the 28-volt 
dc essential bus. 


FUEL QUANTITY GAGE AND GAGE 
TEST BUTTON 


The fuel quantity gage (19, figure 1-4; figure 1-8) is 
located on the instrument panel and indicates internal 
fuel quantity in pounds. Each fuel tank is equipped with 
two tank probes to measure the quantity of fuel. The 
fuel quantity indicating system is a capacitance-type and 
compensates for changes in fuel density, The indicator 
dial reads from 0 to 8000 pounds and is marked in 
200-pound increments, The fuel quantity gage indication 
depends upon the position of the fuel quantity gage selec- 
tor switch, 
Note 

External tank fuel quantity is not indicated on 

the fuel quantity gage; therefore when external 

tanks are used, а decrease is not indicated until 

external fuel is exhausted. 
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On some airplanes, gage operation can be checked by a 
test button (figure 1-10) placarded "Ind Test" on the fuel 
control panel. When the test button is held depressed, 
the gage pointer should move toward zero, and when 
the button is réleased, the pointer should return to its 
original position, Failure of the pointer to move indicates 
a faulty system. On other airplanes*, the only test of the 
indicator is to select the various positions of the selector 
switch and observé the indications. The indicating system 
receives power from the 115-volt essential bus and the 
28-volt dc essential bus, 
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FUEL QUANTITY-LOW WARNING LIGHTS 


Two fuel quantity-low warning lights (9 and 10, figure 
1-26), located on the warning light panel, illuminate and 
display “FUEL LOW—L” and "FUEL LOW—R” when _ 
the usable quantity of fuel іа each Мо, 3 tank-reaches-- 
-approximately 88 gallons (570 оға (070. pounds). The frel ( 
quantity-low ow warning circuits receive pow receive power from the 


28-volt dc essential bus. 


2 


FUEL BOOST PRESSURE-LOW WARNING LIGHTS 


Two fuel boost pressure-low warning lights (13 & 14, 
figure 1-26), located on the warning light panel, illumi- 
nate and display "FUEL BOOST PRESS—L” ог 


- 


T.O. 1F-102A-1 


"FUEL BOOST PRESS—R" if the left or right tank 
outlet pressure drops below 10.5 psi or on some air- 
planes? if a fuel shutoff valve is not in fully open posi- 
tion. The appropriate light will remain illuminated until 
the boost pump pressure exceeds 12 psi if the illumina- 
tion was due to boost pump failure. The warning light 
will not illuminate if only one boost pump fails. The fuel 
boost pressure-low warning circuits receive power from 
the 28-volt dc essential bus. 


FUEL TANK PRESSURE-LOW 
WARNING LIGHTS 


Two fuel tank pressure-low warning lights (11 & 12 fig- 
ure 1-26), located on the warning light panel, illuminate 
and display "FUEL TANK PRESS—L" or "FUEL 
TANK PRESS—R"' if the left or right No. 1 tank pres- 
surization falls below 0.5 psi. The appropriate light will 
remain illuminated until tank pressurization exceeds 1.5 
psi. The fuel tank pressure-low warning circuits receive 
power from the 28-volt dc essential bus. 


Note 
Fuel tank pressurelow warning lights may 
illuminate temporarily during rapid descent 
from high altitude or negative g maneuvers. 
The lights should extinguish immediately after 
resuming level flight. 


ELECTRICAL POWER SUPPLY SYSTEM 


The airplane is equipped with direct-current and 
alternating current electrical power systems. The dc sys- 
tem is powered by an engine-driven generator and a 
battery. The ac system is powered by a three-phase main 
ac generator driven by an engine-driven, constant-speed 
drive unit. Two ac transformers are used to reduce the ac 
voltages. А hydraulically driven emergency ac generator 
serves as a standby power source. All electrical power 
can be shut off by use of the master switch, located on the 
electrical contro! panel. Both dc and ac power systems can 
be connected to an external power source for ground 
operations through external power receptacles. 


DC ELECTRICAL POWER DISTRIBUTION 


The 28-volt dc power supply system (figure 1-12) is 
powered by an engine-driven, 200-ampere generator and 
a 24 ampere-hour battery. Direct current is distributed 
through an essential and nonessential bus and, on some 
airplanes**, an emergency bus. The dc generator and bat- 
tery are connected to the essential bus which in turn is 
connected to the nonessential bus by the nonessential bus 
tie relay. In the event of dc generator failure the non- 
essential bus is disconnected from the battery by the bus 
tie relay. The battery then becomes the source of power 
for the essential Биз, The emergency dc bus normally 
receives power from the dc essential bus through an 
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emergency dc bus changeover relay. This relay is ener- 
gized by power from the dc nonessential bus. In the 
event of dc generator failure, the changeover relay auto- 
matically connects the emergency bus to a transformer- 
rectifier bus powered by the ac essential bus (see figure 
1-13), thereby reducing the load on the battery, If ac 
power also fails, the emergency dc bus can be reconnected 
to the dc essential bus by operation of the battery switch 
to the TR FAIL position. The only power indication for 
the dc system is the dc power failure warning light. 


AC ELECTRICAL POWER DISTRIBUTION 


The ac power supply system (figure 1-13) is powered by 
а constant-speed, 30-kva generator. Alternating current 
is distributed through four bus networks, and by the use 
of two transformers, supplies three separate voltage sys- 
tems, These systems consist of 200/115, 3-phase, 400- 
cycle essential and nonessential busses; a 115-volt, 3-phase 
400-cycle essential bus; and a 26-volt, single phase, 400- 
cycle essential bus. In addition, some airplanes** have a 
transformer-rectifier connected to the 115-volt, 3-phase 
essential bus to provide emergency 28-volt dc power to 
the ac control circuits and for certain other systems (see 
figure 1-12). In the event of main ac generator failure 
selecting the emergency generator disconnects the non- 
essential bus and energizes and connects the hydraulically 
driven emergency ac generator to the essential buses. 
There is no provision for automatic switchover from the 
normal to the emergency ac generator. 


ELECTRICALLY OPERATED EQUIPMENT 


See figures 1-12 and 1-13 for complete reference to elec- 
trically operated equipment. 


EXTERNAL POWER RECEPTACLES 


The dc and ac power systems can be connected to an 
external power source for ground operations through 
main external power receptacles located оп the forward 
side of the left main whee] well. These receptacles are 
protected by a spring-loaded dust cover, 


Note 
The dc essential bus must be energized to 
actuate the ac external power relay when exter- 
nal ac power is connected to the airplane unless 
the power cart contains a dc energizing circuit 
for the relay. 


А dc generator test receptacle is located above the main 
external power receptacles for maintenance purposes. An 
auxiliaty dc power receptacle is located on the aft side of 
the aft electronics bay to fatilitate landing gear mainte- 
nance retraction tests. Ап outlet test receptacle is located 
on the nose wheel well switch panel, for eléctronics test 
purposes. 
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CIRCUIT BREAKERS AND FUSES 


Individual circuit protection is provided by thermal-type 
circuit breakers throughout the airplane, with the excep- 
tion of the pitot heat control circuit. These circuit 
breakers are called “‘trip-free” and manually holding the 
circuit breaker in the depressed position will not com- 
plete the circuit if it remains faulty or overloaded, thereby 
reducing fire hazard. The pitot heat control circuit is pro- 
vided with a switch-type circuit breaker which can be 
held in the ON position, in case of emergency. The cir- 
cuit breakers which are accessible to the pilot are on the 
circuit breaker panels (figure 1-15) located at the aft end 
of the left and right consoles and at the forward side of 
the left console, Fuses are used in the boost pump motor 
circuit, and spare fuses for this circuit are located adjacent 
to the boost pump relays on the aft side of each main 
wheel well. 


MASTER SWITCH 


"ће guarded master switch (figure 1-14), located on the 
electrical power control panel, is used to shut off all gen- 
erator and battery power during emergency conditions. 
The switch is placarded “Master” and has NORMAL and 
OFF positions and, on some airplanes*, а TRIP posi- 
tion, In the NORMAL position the switch connects the 
battery and the generators to the airplane buses if the 
battery and generator switches are ON. The TRIP posi- 
Чоп is а momentary position spring-loaded to OFF, and 
provides battery power for tripping the generator con- 
trol panels before dropping out the battery relay. The 
master switch receives power for disconnecting the gen- 
erators from the ac generator exciter circuit on some 
airplanes, and from the dc essential bus on other 
airplanes, 


The master switch should be used in cases of 
emergency only. When in OFF position, gen- 
erator disconnect relays are energized (on some 
airplanes**) which would drain the battery if 
left in this position, 


BATTERY SWITCH 


The guarded battery switch (figure 1-14), located on the 
electrical power control panel, 15 used to disconnect the 
battery from the airplane electrical system, The switch is 
placarded "Bat" and has ON and OFF positions, which 
control the circuit accordingly. On some airplanes", the 
battery switch also has a TR FAIL position which ener- 
gizes the emergency dc bus changeover relay directly 
from the battery. The TR FAIL position is used to con- 
nect the emergency dc bus to the.dc essential bus (battery) 
when the dc generator and the transformer-rectifier have 
failed or when the ac, dc, and emergency ac generators 
have failed. 


Airplanes modified by TCTO 1F-102-727. 
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Placing the battery switch in the TR FAIL posi- 
tion at any other time may result in complete 
electrical power failure after battery power is 
depleted. 


The battery control circuit receives power directly from 
the battery. 


DC GENERATOR SWITCH 


The guarded dc generator switch (figure 1-14), located 
on the electrical power control panel, is used to control dc 
generator operation. The switch is placarded "DC Gen" 
and has three positions, ON, OFF, and RESET. When 
the generator switch ís ON, generator output is supplied 
to the dc electrical system. Placing the generator switch 
to OFF disconnects the generator from the essential bus 
which causes the nonessential bus tie relay to disconnect 
the nonessential bus from the battery. If а malfunction 
cuts out the generator or the master switch has been 
placed to OFF, then to NORMAL, the generator switch 
should be held momentarily at RESET then returned to 
ON to restore normal generator operation. The dc gen- 
erator control circuit receives power from the 28-volt dc 
essential bus. 


AC GENERATOR SWITCH 


Тһе guarded ac generator switch (figure 1-14), located 
on the electrical power control panel, is used to control ac 
generator operation. The switch із placarded “AC Gen" 
and has three positions, ON, OFF, and RESET. When 
the generator switch is ON, generator output is supplied 
to the ac electrical system. In the event of main ac gen- 
erator failure, che ac generator switch should be turned 
to OFF to preclude the possibility of a fire hazard from a 
faulty generator. The emergency ac generator will ener- 
gize directly from the ac bus switch, Placing the switch 
to OFF disconnects the generator from the buses, If a 
malfunction cuts out the generator or the master switch 
has been placed to OFF, then to NORMAL, the genera- 
tor switch should be held momentarily at RESET, then 
returned to ON to restore normal generator operation, 
The ac generator control circuit receives power from 
the 28-volt dc essential bus or, on some airplanes*, from 
the emergency dc bus. 


AC BUS SWITCH 


The guarded ac bus switch (figure 1-14), located on the 
electrical power control panel, is used to energize the 
hydraulically driven emergency ac generator. The switch 
is placarded “AC Bus." On some airplanes the switch has 
two positions, NOR and EMER. Placing the switch to 
NOR connects the main ac generator to the buses, and 
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when placed со EMER the emergency ac generator is 


energized, connected to the essential bus and the main ac. 


generator and nonessential bus is disconnected from the 
essentia! bus. On these airplanes, control circuit power 
is supplied from the 28-volt dc essential bus through the 
main ac generator switch. On other airplanes*, the ac bus 
switch is placarded "Emer Сеп” and has three positions, 
NOR, ON, and RESET. In the NOR position, the main 
ac generator is connected to the ac buses. Actuation of 
the switch to the spring-loaded RESET position com- 
pletes a circuit to the ac emergency disconnect relay and 
the emergency generator shutoff valve, The completed 
circuit starts the emergency ac generator, ties it to the 
ас essential bus, and disconnects the main ac generator. 
When released, the ас bus switch will return to the ON 
position which ties the emergency disconnect relay and 
emergency shutoff valve to the emergency dc bus. On 
these airplanes, the ac bus switch receives power through 
the emergency dc bus and, in the RESET position, directly 
from the dc essential bus. 


AC VOLTMETER AND SELECTOR SWITCH 


The ac voltmeter (figure 1-14), located above the elec- 
trical power control panel, provides a means of deter- 
mining ac generator output as selected by the voltmeter 
selector switch. The six-position voltmeter selector switch 
(figure 1-14), located on the electrical power control 
panel, provides a means of connecting the voltmeter to 
the essentia! ac bus circuits as follows: Phases A, B, and 
C of the main ac generator output (approximately 115 
volts); phase AB and AC of the 115-volt transformer; 
and the single phase output of the 26-volt transformer. 


DC POWER FAILURE WARNING LIGHT 


The dc power failure warning light (3, figure 1-26), 
located on the warning light panel, illuminates and dis- 
plays "DC POWER FAILURE" if the dc generator or 
the dc power disconnect relay fails. On some airplanes** 
the warning light will come on when the battery switch 
is ON or when the external power unit is connected for 
starting and will remain on until external power is 
disconnected after the engine is running. On other air- 
planes the light will remain out when power (external 
or airplane power) is applied to the buses. The dc power 
failure warning circuit receives power from the 28-volt 
dc essential bus (battery power). 


Note 


DC power is used to operate the electrical con- 
trol panel which contains the master switch. 
In the event of both dc generator and battery 
failure, this panel will become inoperative on 
on some airplanes and ac power will not be 
available. On other airplanes*, dc power will 
be provided by the transformer-rectifier for 
the control of the ac system. 
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AC POWER FAILURE WARNING LIGHT 


The ac power failure warning light (2, figure 1-26), 
located on the warning light panel, illuminates and dis- 
plays "АС POWER FAILURE" if the main ac gener- 
ator or the ac power disconnect relay fails. On some 
airplanes" the warning light will come on when the 
battery switch із ОМ ог the external power unit is 
connected for starting and will remain on until external, 
power is disconnected after the engine is running. Оп 
other airplanes the light will remain out when power 


. (éxternal or airplane power) is applied to the buses. 


The ac power failure warning circuit receives power 
from the 28-volt dc essential bus. 


HYDRAULIC POWER SUPPLY SYSTEM 


The hydraulic power supply system (figure 1-16) con- 
sists of two separate constant-pressure type systems, the 
primary and secondary, which supply power to actuate 
most of the major operating components of the air- 
plane. Normal operation of both hydraulic systems is 
automatic whenever the engine is running. Àn emergency 
system is also provided to supplement the primary sys- 
tem in event of an emergency. Pressure in either of 
these systems can be read on a single hydraulic pressure 
gage by the use of a hydraulic pressure gage selector 
Switch. À flashing red light is provided to warn of a 
single system failure, or steady illumination of the same 
light indicates failure of both systems. On some air- 
planes**, а hydraulic fluid overheat warning light is also 
provided to warn of overheated hyraulic fluid in either 
the primary or secondary hydraulic systems. Illumination 
of the light will not differentiate between the primary and 
secondary hydraulic systems. See figure 1-33 for hydraulic 
fluid specification. 


PRIMARY HYDRAULIC SYSTEM 


The primary hydraulic system supplies power for opera- 
tion of the flight controls only. The system is com- 
pletely independent of the secondary system and 
consists primarily of a reservoir, a 3000 psi variable 
volume engine-driven pump, accumulator, supply lines, 
and thermal-pressure relief valves for system protection. 
On some airplanest hydraulic fluid is cooled by heat 
exchanger coils in the right Мо. 3 fuel tank. Тһе system 
contains conventional filters with bypass features. The 
reservoir has a capacity of 252 cu. in. or 1.09 gallons and 
is pressurized by the low-pressure pneumatic system. The 
piston-type accumulator contains a pressure gage (not 
accessible in flight) for ground checking the preload 
pressure. 


SECONDARY HYDRAULIC SYSTEM 


The secondary hydraulic system supplies power for oper- 
ation of the flight controls (parallels the primary system 
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action). The system also supplies power for operation of 
the landing gear and doors, nose wheel steeting, speed 
brakes and the emergency ac generator. The secondary 
hydraulic system consists primarily of a reservoir, a 
3000 psi variable volume engine-driven pump, accumu- 
lator, supply lines, and thermal-pressure relief valves for 
system protection, On some airplanes] hydraulic fluid is 
cooled by heat exchanger coils in the left No. 3 fuel tank. 
Тһе system contains conventional filters with bypass fea- 
tures. The reservoir has a capacity of 420 cu. in. or 
1.82 gallons and is pressurized by the low-pressure pneu- 
matic system. The piston-type accumulator contains а 
pressure gage (not accessible in flight) for ground check- 
ing the preload pressure. 


EMERGENCY HYDRAULIC SYSTEM 


The emergency hydraulic system supplies power for 
operation of the flight controls in event of failure of the 
primary and secondary hydraulic systems or when the 
engine fails and is "frozen." The emergency hydraulic 
pump is driven by a variable pitch ram air tutbine 
(RAT), which is pneumatically extended into the air- 
stream by pulling a hydraulic emergency power handle. 
Since the emergency hydraulic system utilizes the same 
hydraulic lines as the primary hydraulic system, it is 
inadvisable to extend the RAT when only the secondary 
hydraulic system has failed, as this could cause damage 
and possible loss of the primary hydraulic system. When 
only the primary hydraulic system has failed, the RAT 
should be extended just after turn on final approach as a 
precautionary measure. Once extended the RAT cannot 
be retracted in flight. This emergency system will sup- 
ply sufficient power for limited maneuvering and a safe 
approach and landing. А RAT door test hook is installed 
on some airplanes оп the RAT door eyebolt, to insure 
that the RAT door is locked. The hook is equipped with 
a warning streamer and must be removed prior to flight. 


RAT (HYDRAULIC EMERGENCY POWER) 

HANDLE 

The RAT handle (figure 1-7), located in the outboard 
side of the throttle quadrant, is used to energize the 
emergency hydraulic system. Pulling the handle 
(approximately two inches) mechanically selects the pneu- 
matic pressure to extend the RAT into the airstream. 
To insure satisfactory extension, the handle must be 
extended to full travel and held for a minimum of four 
seconds. 


HYDRAULIC PRESSURE GAGE AND 

SELECTOR SWITCH 

The hydraulic pressure gage (20, figure 1-4; figure 1-8) 
is located on the instrument panel (on early airplanes 
this gage is located on the right-hand console) and indi- 
cates either the primary or secondary hydraulic system 
pressure in increments from 0 to 4000 psi. The indicator 
receives system pressure information from either the 
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primary or secondary transmitter, depending upon the 
position of the selector switch adjacent to the indicator. 
This two-position hydraulic pressure gage selector switch 
enables the pilot to select either PRI or SEC systems. 
The indicating and selection systems are powered by the 
26-volt ac essential bus. 


HYDRAULIC PRESSURE-LOW WARNING 
LIGHY AND TEST-RESET SWITCH 


The red hydraulic pressure-low warning light (21, figure 
1-4; figure 1-8), located on the instrument panel, illumi- 
nates (flashing) and displays "HYD FAIL" if either 
the primary or secondary hydraulic system pressure is 
below approximately 800 psi. Pressure loss of both. sys- 
tems will cause steady illumination of this light. With 
rising pressure, in either system, the light will start 
flashing at approximately 1000 psi, or if both systems 
are in excess of approximately 1000 psi the light will 
go off. The three-position hydraulic pressure-low warn- 
ing light test and reset switch (figure 1-8) has TEST and 
RESET positions and is spring-loaded to the center 
(OFF) position. If either hydraulic system has failed 
and caused a flashing light, placing the switch to RESET 
will turn the light ой, RESET position will not turn the 
light off if both hydraulic systems have failed. Placing 
the switch to TEST position will illuminate the light 
in a flashing condition if the pressure in both systems is 
above approximately 1000 psi. The warning light is 
automatically dimmed when the instrument panel lights 
are on if the thunderstorm lights are off, Power is sup- 
plied by the 28-volt dc essential bus. 


HYDRAULIC FLUID OVERHEAT WARNING LIGHT 
The hydraulic fluid overheat warning light* (1, figure 
1-26) located on the warning light panel, illuminates and 
displays “HYD OIL HOT” when hydraulic fluid in either 
the ргітагу or secondary hydraulic system reaches a tem- 
perature of 225?(—5 +10°)F. The hydraulic fluid over- 
heat warning light receives power from the dc essential 
bus. 
Note 

А hydraulic system overheat warning indication 

will not differentiate berween the primary and 

secondary hydraulic systems. 


PNEUMATIC POWER SUPPLY SYSTEM 


The pneumatic power supply system consists of two sep- 
arate systems, low- and high-pressure, which are used for 
pressurizing and actuation of system components. 


LOW-PRESSURE PNEUMATIC SYSTEM 

The low-pressure pneumatic system (figure 4-1) obtains 
bleed air from the last compression stage of the high- 
pressure compressor. This engine bleed air is limited to 
ә Airplanes modified by ТСТО 1F-102.847. 
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5.5% of total engine airflow but is normally much less 
than 1%. The bleed air varies in temperature and pres- 
sure up to approximately 800°F and 225 psi under 
extreme operational and climatic conditions. А portion 
of this air is passed through a refrigeration unit that 
includes an air-to-air heat exchanger and expansion tur- 
bine to reduce the temperature and pressure. The low- 
pressure pneumatic system is used to pressurize and 
air-condition the cockpit; to pressurize the fuel tanks arid 
hydraulic system) reservoirs; to pressurize the canopy 
seal and the anti-g suit; to supply operating pressure 
to the variable air pressure regulator in the elevator 
feel system; and to supply warm air for anti-icing, rain- 
clearing and defogging. 


HIGH-PRESSURE PNEUMATIC SYSTEM 

Тһе high-pressure pneumatic system (figure 1-17) sup- 

plies pneumatic pressure for actuation of various system 

components. Air under pressure 15 stored in four spherical 

fiberglas flasks and in the main landing gear drag braces. 

The air storage flasks are mounted in the left and right 

armament bays. The system is serviced. from an external 

source through a filler valve located on the forward side 

of the right main wheel well on some airplanes and the 

left main wheel well on other airplanes. System pressure 

is indicated on a pressure gage, located adjacent to the 

filler valve, and when fully serviced the system contains 

3000 psi of compressed air. Pressure regulators and relief 

valves protect the system from excessive pressure. The 
pressure in the main landing gear drag braces is isolated, 
by check valves to ensure adequate brake System. pressure 


On some airplanes? a check valve isolates the Son ae 
flask to provide full operating pressure for emergency 
landing gear extension, ram air turbine extension, and 
drag chute deployment. On other airplanes?" a priority 
valve is installed between the priority and попргіогігу air 
flasks in lieu of the check valve. The priority valve enables 
priority air to augment nonpriority air in the operation 
of all system components unti! pressure drops below 1400 
psi in the priority air flask. Below 1400 psi, pressure in 
the priority flask is available for only ram air turbine 
extension, drag chute deployment, and landing gear exten- 
sion. The pressure gage, located adjacent to the filler 
valve, will not indicate pressure through the entire system 
unless the system із fully charged. The pressure indicated 
at lower pressures in various air flasks will be dependent 
upon the various system configurations (see figure 1-17). 
For servicing requirements, see. Servicing Diagram, fig- 
ure 1-33. 


PNEUMATICALLY OPERATED EQUIPMENT 
See figures 4-1 and 1-17 for complete reference to pneu- 
matically operated equipment. 
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PNEUMATIC PRESSURE-LOW 
WARNING LIGHT 


The pneumatic pressure-low warning light (6, figure 
1-26), located on the warning light panel, illuminates to 
display "PNEU PRESS." Operation of the warning light 
is dependent upon configuration of the high-pressure 
pneumatic system (see figure 1-17). On all airplanes, illu- 
mination of the warning light will indicate that pneu- 
matic pressure in the priority air flask has dropped belo 
1500 psi. On.those sitplanes using ТЕН E а check valve-tonison 
ТЄ the priority air ЙазК®, at the moment of illumination 
of the warning light, enough high-pressure air remains in 
the priority flask for emergency landing gear exten- 
sion, RAT extension, and drag chute deployment, and 
that pressure in the nonpriority flasks is less than 1500 
psi. The check valve is designated to maintain full 
priority flask pressure and as long as there is 1500 
psi, or more, in the nonpriority flasks, there will be 
no illumination of the warning light. When there is 
1500 psi or more pressure in the priority flask, there 
will be no illumination of the warning light regard- 
less of the pressure in the nonpriority flasks, and there 
is, therefore, no direct indication of the condition of 
the nonpriority air pressure. On other airplanes*'*, which 
use the príority valve to isolate the priority air flask, an 
equalizing flow between the priority and nonpriority 
flasks is permitted until pressure in the priority flask 
drops to 1400 psi, indicating that at the moment of 
warning light illumination, there is enough pressure in 
the priority flask for emergency operation of the landing 
gear, extension of the RAT, and deployment of the drag 
chute, and that 1400 psi remains іп the system, When the 
light does not illuminate, in these airplanes, it will be an 
indication of satisfactory pressure in both the priority and 
the nonpriority flasks. 


FLIGHT CONTROL SYSTEM 


Тһе flight control system (figures 1-18 and 1-19) provides 
desirable control of the airplane throughout the speed 
range. The delta wing configuration utilizes elevons 
instead of aileron and elevator control surfaces. The 
system incorporates standard stick and rudder pedals 
with conventional control action in response to stick 
movement. The elevons when moved coincidentally act 
as elevators and differentially as ailerons. This is accom- 
plished by a mixer assembly which consists of a bell- 
crank assembly which rotates to provide aileron action 
and moves fore and aft to provide elevator action. To 
induce both aileron and elevator force, che elevons are 
large and extend almost the full span of the wing. Each 
elevon consists of an inboard and outboard panel which 
function as one unit permitting free surface movement 
unimpaired by normal in-flighe wing deflections. Pitch 
and yaw damper systems are installed to provide a 
stable platform for armament firing and to stabilize high 
speed flight. Turn coordination is also furnished through 


_ the yaw damper system if the yaw damper is engaged. 
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Turn coordination is supplied primarily for fire control 
system attacks and is sufficient for bank angles up to 
35? and roll rates up to about 30? per second. Both the 
elevons and rudder are actuated by two complete, inde- 
pendent, simultaneously operating hydraulic systems. 
The ram air turbine can also supply pressure to one of 
these systems in event of emergencies. Movement of the 
stick and rudder pedals mechanically position hydraulic 
control valves, which direct primary and secondary 
hydraulic pressure to the respective control surface actu- 
ating cylinders, Control surface deflection is propor- 
tioned to cockpit control movement by followup linkages 
which shut off hydraulic pressure to the control surface 
actuators. Since aerodynamic force against the control 
surfaces is opposed by the hydraulic action, the forces are 
not transmitted to the cockpit controls. Ап artificial feel 
system is therefore required to simulate the aerodynamic 
forces encountered, The control surfaces are not 
equipped with trim tabs a$ trimming is accomplished by 
changing the neutral (no load) position of each control 
surface and is indicated by the no load cockpit contro! 
position. The design of the flight control system elimi- 
natés the necessity for surface gust locks except during 
storm conditions. 


ARTIFICIAL FEEL SYSTEM 


As the hydraulic portion of the control system is irre- 
versible, the pilot does not have an indication of existing 
aerodynamic forces on the control surfaces. An artificial 
feel force, therefore, is added to the flight control sys- 
tem to produce feel on the control stick and rudder 
pedals relative to airspeed and altitude. Aileron Еве! is 
provided by a feel-centering spring, and the stick force 
is proportional to stick deflection only. At approxi- 
mately % aileron deflection (59), on airplanes which 
have the enlarged vertical fin, an additional 10 pounds 
resistance to aileron movement is imposed by added 
spring tension and must be overcome to obtain full 
aileron. Elevator feel is provided by a centering spring 
and a vatiable feel force cylinder. А large piston in the 
elevator feel force cylinder is attached so that movement 
of the stick in either direction moves the piston against 
ram air pressure. This ram air pressure is controlled by 
an elevator intelligence unit which loads the correct 
amount of ram air pressure into the elevator feel force 
cylinder. The conttol surfaces are most effective in the 
transonic speed range. Therefore, the feel force cylinder 
pressure is highest in this area. The feel system applies 
a force which results in approximately a constant stick 
force per g throughout the flight envelope. The ele- 
vator intelligence unit is operated by low-pressure pneu- 
matic system pressure and controls the ram air pressure 
from the large impact tube on the vertical fin. Rudder 
feel is also provided by a centering spring and feel force 
cylinder. A small piston in the rudder feel force cylinder 
is attached so that movement of either rudder pedal 
moves the piston against high-pressure pneumatic system 
pressure. This pressure is metered by a variable айг pres- 
sufé-Tégulator controlled by ram air from the small 
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impact tube on the vertical fin. Refer to Section V for 
operating limitations. 

TRIM SYSTEM 

Trim is accomplished by deflecting the control surfaces 


E 
ІК 
( NOTE ло with electrical trim actuators, installed berween the feel 
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neutral (no load) position of the respective systems. 
Since the mechanical control system friction is less than 
the feel system forces, the cockpit controls and control. 
surfaces will moye.in response-to-trim. changes. Elevon 
(aileron and elevator action) trim is controlled by a 
: switch on the control stick, and rudder trim is соп- 
ы trolled Бу a switch on the utility switch panel or, on 
pu some airplanes, on the lower right-hand side of the 
throttle quadrant. Takeoff trim can be attained auto- 
matically by depressing a button, on the utility switch 
4 panel, which will reposition aileron, elevator, and rud- 
EE der trim to a preset position. An indicator light illumi- 
| nates when the proper takeoff trim positions are obtained. 
The trim system is powered from the 28-volt dc essential 
е and nonessential busses and the 115-volt ac nonessential 


bus. 


Do not operate the trim system (including 
takeoff trim) unless hydraulic pressure is being 
supplied to the flight control system, to prevent 
damage to the trim actuators. 
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PITCH AND YAW DAMPER SYSTEM 


Pitch and yaw damper systems are installed to damp out 
short period oscillations of the airplane and to provide 
automatic turn coordination, The hydraulically actuated 
damper systems are electrically controlled. When the 
damper system is energized, secondary hydraulic ргев- 
sure is supplied to the damper servo valve portion of 

uie the hydraulic elevon package (HEP valve) on some air- 
VALVE, planes* or, on early airplanes, to the servo actuator 

Ж: (extendible link), and damper signals are imposed оп 

pilot inputs to control surface positions. These elevons 
and rudder deflections are not felt at the pilot's controls. 
When the oscillations have been corrected, the control 
surfaces return to their original! position. Rate gyros 
sense the direction and velocity of the oscillations and 
apply signals to the control surfaces to dampen the 
pitch or yaw oscillations. Aileron motion of the elevons 
and roll rate is measured and electrically controls the 
rudder servo actuator to provide automatic turn coordi- 
nation when the yaw damper system is engaged. Such 
; 1 coordination is optimum only in level flight and deter- 
A TUE iorates with variation in load factor. Turn coordination 
Y signals to the rudder are modified by an airspeed com- 
W A ЈЕ pensator to insure proper coordination at all airspeeds. 

( ~ Z МАНЛАКОЈМЕ > NE 4 Turn coordination is supplied primarily for fire control 
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35? and roll rates ир to 30? per second. The damper 
system receives power from the 200/115-volt ac.non- 
essential bus.and.the.28-volt dc nonessential bus. Refer to 


Section V for operating limitations. 
ection v [or оре 


SIDESLIP ANGLE TRANSDUCER 


А sideslip angle transducer is installed on early, small- 
tail airplanes to augment the static directional stability 
by applying corrective rudder against sideslip. The sys- 
tem incorporates a small detector probe which extends 
down from the fuselage centerline just forward of the 
nose wheel well. The detéccor probe contains two vertical 
slots which are approximately 90? apart and each posi- 
tioned approximately 45? from the relative wind during 


T.O. 1F-102A-1 


RUDDER VARIABLE 


FROM HIGH@PRESSURE | 
AIR. PRESSURE REGULATOR Q й 


PNEUMATIC 


| 1 
І | 


ODA б | 
CENTERING | S 


С SPRING 


-- 


` (| SWITCH 
1 Хүрээ 
`: = 
aa 
ч , ode ipae em Ў 
285 
= 
== 


Џ 
| 
| 
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flight. Any sideslip induced by the airplane is detected 
by this probe and the resultant signals are fed to the 
rudder servo actuator which initiates corrective action by 
rudder deflections. The detector probe is free to rotate 
and will align itself with the relative wind, well below 
takeoff speed. There are no separate cockpit controls for 
the sideslip angle transducer as the system is engaged by 
placing the flight mode selector switch in the MAN 
position. The sideslip angle transducer receives 200/115- 
volt ac nonessential and 28-volt dc power through the 
pitch and yaw damper system. 


CONTROL STICK 
Тһе control stick (figure 1-20) controls the position of 
the elevon hydraulic control valves which direct primary 
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and secondary system hydraulic pressure to the actuating 
cylinders to displace the elevon control surfaces. 
Followup linkages then reposition the control valves and 
enable contro! surface deflection to be in proportion to 
stick movement. Conventional stick movements are used 
to obtain aileron and elevator action. of the elevons. 
The control stick grips are composed of two grips 
mounted on a common base. The right-hand grip is the 
primary grip and incorporates a combination microphone 
and nose wheel steering button, elevon trim switch, 
emergency damper disconnect button, armament trigger 
and momentary interrupt trigger. The left-hand grip, 
when unlocked, serves as the radar antenna hand control 
and incorporates controls for the fire control system. 
Refer to FIRE CONTROL SYSTEM, Section ГУ. 
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RUDDER PEDALS 


The rudder pedals control the position of the rudder 
hydraulic control valve which directs primary and sec- 
ondary system hydraulic pressure to the rudder actuating 
cylinder. Followup linkage repositions the control valve 
which maintains rudder deflection in proportion to реда! 
movement. The rudder pedals can be simultaneously 
adjusted fore and afr by an adjustment crank mounted 
between the pedals. The wheel brakes are applied con- 
ventionally by toe action on the rudder pedals. Rudder 
pedal movement also controls nose wheel sreering when 
the nose wheel steering button is depressed. Refer to 
WHEEL BRAKE SYSTEM and NOSE WHEEL STEER- 
ING SYSTEM, this Section. 
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ELEVON TRIM SWITCH 


Lateral and longitudinal trim is controlled by a five- 
position elevon trim switch (figure 1-20), located on the 
right-hand control stick grip. The switch has NOSE UP, 
NOSE DOWN, LWD, RWD and is spring-loaded to 
the center (OFF) position. Holding the switch in the 
direction of desired trim powers the ailerons or elevator 
trim actuator to reposition the neutral (no load) position 
of the respective flight control system. When released 
the switch automatically returns to its spring-loaded 
center (OFF) position, The trim switch receives power 
from the 28-volt dc essential bus, 


Should the trim switch stick in an actuated 
position, an extreme application of trim will 
result. If this condition exists on preflight 
inspection, the airplane should not be flown 
until the condition is corrected. If the switch 
sticks in flight, it will be necessary to return 
to the center (OFF) position manually after the 
desired trim change is made. А sticking trim 
switch should be noted on Form 781 with a 
red cross. 


RUDDER TRIM SWITCH 


The three-position rudder trim switch (figure 1-21), 
located on the utility switch panel on some airplanes or 
on the lower right-hand side of the throttle quadrant 
on other airplanes, controls the position of the rudder 
trim actuator to reposition the neutral (no load) position 
of the rudder control system. The switch is placarded 
"Rudder Trim" and has positions L, R, and is spring- 
loaded to the center (OFF) position. Holding the 
Switch to L or R applies trim in the respective direction. 
When released the switch automatically returns to its 
spring-loaded center (OFF) position. The trim switch 
receives power from the 28-volt dc essential bus. 


TAKEOFF TRIM BUTTON AND 
INDICATOR LIGHT 


The takeoff trim button (figure 1-21), located on the 
utility switch panel, when depressed, trims all control 
surfaces to the proper position for takeoff. The takeoff 
trim position of the aileron action and rudder is neutral, 
and the elevator action is 59 nose up. While the button 
is held depressed, a green indicator light illuminates 
when the trim system reaches the proper position for 
takeoff. This light displays “TAKEOFF TRIMMED" 
when illuminated and is automatically dimmed when the 
instrument panel lights are on if the thunderstorm lights 
are off. The takeoff trim circuit is deenergized. when the 
nose landing gear is retracted and receives power from 
the 28-volt dc nonessential bus. 
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TRIM SERVO SWITCH 


Note 


If che trim servo switch is installed, it is deacti- 
vated. 


FLIGHT MODE SELECTOR SWITCH 


On some airplanes, a two-position flight mode selector 
switch* is used to engage the pitch and yaw damper sys- 
tem and the sideslip angle transducer (if installed). The 
switch, located on (һе utility switch panel, is placarded 
"Flight Mode" and has MAN and DIRECT MAN posi- 
tions, The switch is spring-loaded to DIRECT MAN and 
utilizes a solenoid to hold the switch in MAN position. 
Damper system components are energized whenever 
power is on the airplane (nonessential buses), and plac- 
ing the switch to MAN position supplies hydraulic 
pressure to the damper system servo (extendible link) 
actuators which enpage the system. The MAN position 
also energizes the sideslip angle transducer, which is a part 
of the yaw damper system. The damper system will 
automatically disengage (switch returns to DIRECT 
MAN position) when the emergency damper disconnect 
button (on the control stick grip) is depressed, or the 
switch may be manually placed to DIRECT MAN posi- 
tion to disengage the system. The flight mode selector 
switch receives power from the 28-volt dc nonessential 
bus, 


YAW DAMPER SWITCH 


А yaw damper switch**, located in the lower left-hand 
corner of the AFCS panel (figure 4-16), is used to engage 
the yaw damper system. On early airplanes, the switch 
has a spring-loaded DIRECT (off) position to discon- 
nect the yaw damper and a solenoid held MANUAL 
(on) position which engages the damper. On later air- 
planes, the switch positions are YAW DAMPER and 
OFF. Damper system components are energized when 
the nonessential buses are supplied with power and acti- 
vated when the switch is placed in the MANUAL or 
YAW DAMPER position. Hydraulic pressure is supplied 
to the rudder damper system servo actuators to damp 
yaw oscillations and provide turn coordination. The yaw 
damper system will automatically disengage (the switch 
will return co DIRECT or off position) when the emer- 
gency damper disconnect button is depressed ог the switch 


«тау be manually placed co DIRECT or off position to 


disengage the system. The yaw damper switch receives 
power from the 28-volt dc nonessential bus. 


PITCH DAMPER SWITCH 


A pitch damper switch** (figure 1-21), located on the 
utility switch panel, і used to engage the pitch damper 
system. The switch is placarded "Pitch Damper” and has 
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а spring-loaded OFF position and а solenoid-held ON 
position, Pitch damper system components are energized 
when power is on the nonessential buses, Placing the 
switch ia the ОМ position supplies hydraulic pressure to 
the elevon damper system servo actuators to activate the 
system. 


Note 

The yaw damper switch must be in MANUAL 
(on) position prior to placing the pitch damper 
| switch to ON. When the yaw damper switch is 
in DIRECT (off), power is removed from the 
holding solenoid of the pitch damper switch 
and the switch will not engage in the ON 
position. 


When the automatic flight control system is in operation 
and the preset pitch g limits are exceeded, the pitch 
damper switch will automatically go to the OFF posi- 
tion, disengaging the system. The pitch damper system 
will also automatically disengage (‘the switch will return 
to the OFF position) when the emergency damper dis- 
connect button is depressed or the switch may be 
manually placed to OFF to disengage the system. The 
pitch damper switch receives power from the 28-volt dc 
nonessential bus. 


EMERGENCY DAMPER DISCONNECT BUTTON 


The emergency damper disconnect button placarded 
“Emer Man” (figure 1-20), located on the control stick 
right-hand grip, is used co simultaneously disengage the 
damper systems and AFCS. When the button is 
depressed, the circuit is broken to. the holding solenoids 
for the flight mode selector and AFCS switches which 
automatically return to DIRECT MAN and OFF posi- 
tions, respectively. 


MOMENTARY INTERRUPT (MANUAL MODE) 
TRIGGER 


The momentary interrupt trigger (figure 1-20), located 
on the control stick right-hand grip, is used to momen- 
tarily disengage the AFCS. This trigger should be used 
to disengage the AFCS to make large attitude or heading 
changes. Releasing the trigger will ге-епраре the AFCS 
to hold the attitude or heading prevailing at the time 
of release. The trigger when depressed interrupts power 
to a phase of the AFCS. 


SPEED BRAKES SYSTEM 


Two hydraulically operated, electrically controlled speed 
brakes (figure 1-22) are located above the tail cone and 
can be used to slow the airplane at all speeds. A relief 
valve in the speed brakes hydraulic system allows the 
speed brakes to retract, as necessary, to prevent structural 
damage under excessive aerodynamic loads. When 
extending the speed brakes, a slight nose-up trim change 
occurs, and when retracting the speed brakes a nose- 
down trim change occurs. Secondary hydraulic system 
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pressure is supplied through a dc electrically operated 
selector valve to actuate a pair of hydraulic cylinders for 
each brake. The speed brakes are synchronized to give 
equal angular operation and require approximately 2 
seconds to open or close, The speed brakes also serve as 
compartment doors for the drag chute, and when the 
drag chute is deployed the brakes cannot be closed until 
the chute is jettisoned. The speed brakes are controlled by 
a switch located on the throttle and are opened auto- 
matically when the drag chute handle is pulled. A speed 
brakes emergency opening system is incorporated and is 
to be used in the event of secondary hydraulic system 
failure to allow the drag chute to deploy. The emergency 


- 


system bypasses the speed brakes switch on the throttle — 


,^ and furnishes High-pressure pneümatic- air-to-thié speed 
Mixer ps оо че the drag chute handle 
is pulled out (full travel), then-rotated, 90° right and 


7“ ране again. Ed 


е Emergency speed brakes extension should be 
used only in event of secondary hydraulic system 
failure. Use of che system when the secondary 
hydraulic system is pressurized and operating 
will not aid drag chute deployment and will 
result in pumping hydraulic fluid through a vent 
into the vertical fin structure on some airplanes. 
This could result in hydraulic fluid draining 

onto the, tailpipe. 


е Emergency speed~brakes-exténsion is designed 
for use only on the landing roll (or aborted 
takeoff roll) when drag chute deployment is 
desired. Inflight use of this system will result in 

loss of the drag chute when above 160 KIAS. 


he speed brakes cannot be opened 


oF pere] 
fic power, either by the normal or emergency_systems, 
SPEED BRAKES GROUND SAFETY LOCKS 


Ground maintenance safety locks (figure 1-23) may be 
installed on the speed brakes actuating cylinders when 
the brakes are extended, primarily, during repacking 
of the drag chute and must be removed before flight. 


SPEED BRAKES SWITCH 


The three-position speed brakes switch (figure 1-7); 
located on top of the throttle, is used to control speed 
brake operation. The switch is placacded "Speed Brakes” 
and has fixed positions of IN, OUT, and a center 
(neutral) position which controls the selector valve 
accordingly. The center (neutral) position is indicated 
by a white alignment mark on the switch guide. When 
the switch is in the center position, the control valve is 
closed and the speed brakes are held in the selected posi- 
tion. The speed brakes switch receives power from the 
28-volt dc essential bus. 
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~ Damage can result to the speed brakes actuators 
Q or their electrical conduits if che speed brakes 
are closed after the drag chute has been jetti- 
soned, or if the doors are closed with drag chute 

not installed. 


LANDING GEAR SYSTEM 


ў The tricycle landing gear and wheel well doors are 
electrically controlled and sequenced, and hydraulically 
actuated, The main gear retracts inboard into the lower 


| 4 - surface of the wing and fuselage, and the nose gear 
| is 
E 


retracts forward into the fuselage. The wheel well doors 
remain open when the gear is extended and fair the 
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Figure 1-22 


gear flush with the airplane contour when the gear is 
retracted. The main landing gear fairings are mechan- 
ically tied to the strut assembly and are actuated with 
gear movement. The nose gear drag brace contains a 
combination up- and down-lock and is unlocked by initial 
travel of the nose gear actuating cylinder. The main gear 
is locked up by the wheel well doors, and the down-lock , 
is unlocked by initial travel of the gear actuating cylinder, 
Safety switches preclude normal gear retraction while the 
airplane is on the ground. However, an override control 
bypasses the safety switches and the normal landing gear 
handle to permít emergency gear retraction while on the 
ground ог while airborne, Normal gear extension, retrac- 
tion, and emergency retraction are actuated by secondary 
hydraulic system pressure. In the event of electrical ог 
hydraulic system failure the gear can be extended by 
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high-pressure pneumatic system pressure which is routed 
to the normal hydraulic actuating cylinders. During nor- 
mal operation, gear extension and retraction time is 
approximately four to six seconds. A hydraulic steering 
unit is built into the nose gear assembly to provide nose 
wheel steering and also serve as a conventional shimmy 
damper. The main wheels are equipped with pneumati- 
cally operated multiple-disc type brakes. The main gear 
drag braces serve as pneumatic pressure reservoirs for 
the wheel brake system. Later airplanes? аге equipped 
with a main landing gear which, when extended, is tilted 
forward at à slight angle. Therefore, while the airplane 
is оп the ground the main gear is farther forward in 
relation to the airplane cg, which improves landing 
characteristics. 
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"| OVER-RUN BARRIER PROBE! 


Figure 1-23 


LANDING GEAR GROUND SAFETY LOCKS 


Removable ground safety locks (figure 1-23) may be 
installed in the landing gear assemblies to prevent col- 
lapsing of thé gear while the airplane is on the ground. 
The locks are equipped with warning streamers and must 
be removed before flight. 3 
LANDING GEAR HANDLE 


Тһе landing gear handle (figure 1-24), located on the 
left-hand auxiliary instrument panel, electrically con- 
trols normal operation of the gear and wheel well door 
hydraulic selector valves. When the airplane is airborne, 
moving the handle to the UP position energizes the 
hydraulic selector valves to apply secondary hydraulic 
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[NOSE LANDING GEAR | 


system pressure to retract the gear. When the main and 
nose gear are fully up, the door selector valves are posi- 
tioned to close the doors. When the doors are closed 
and locked the gear actuating system is automatically 
depressurized. 
Note 

When the weight of the airplane is on the gear, 

ground safety switches prevent gear retraction 

if the handle is inadvertently moved to UP. 


When the landing gear handle is moved to the DOWN 
position, the hydraulic selector valves are energized to 
allow hydraulic pressure to unlock and open the doors, 
then extend the gear. Hydraulic pressure is maintained 
on the gear and doors when extended, The knob on the 
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landing gear handle is wheel-shaped and contains the 
landing gear warning light. The landing gear circuit is 
powered by the 28-volt dc essential bus. 


LANDING GEAR EMERGENCY-UP BUTTON 


The landing gear emergency-up button is located on the 
left-hand auxiliary instrument panel (figure 1-24). The 
button is placarded "Emer Gear Up" and can be used to 
retract the landing gear when the airplane is in the air 
or moving on the ground. On the ground, depressing 
the button bypasses the ground safety switches and the 
gear will retract if the normal landing gear handle is in 
the UP position and the airplane is moving. When air- 
borne, depressing the button will allow the landing gear 
control circuit to bypass the landing gear handle and 
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retract the gear with the normal control handle in the 
UP or DOWN position. To insure positive operation 
after take-off, the gear emergency-up button must be 
held depressed until che gear completely retracts. If the 
gear is retracted with the button while airborne with 
the те gear handle in the DOWN position, it. will be neces- 
загу to сус „сусје the gear handle чо the. ОР position and 
return to DOWN position to extend the gear. After 
emergency geat extension has been accomplished, the 
emergency-up button will be inoperative until the land- 
ing gear emergency extension handle is pushed in. In 
the event of ground. safety switch malfunction, the 
emergency-up button may be used to retract the gear 
when airborne. The emergency-up button receives power 
from the 28-volt dc essential bus. 
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LANDING GEAR EMERGENCY 
EXTENSION HANDLE 


The landing gear emergency extension handle (figure 
1-24), suspended below the left side of the instrument 
panel, is used to pneumatically extend the landing gear 
in the event of secondary hydraulic system failure or elec- 
trical system failure or malfunction. The handle is 
placarded “Emer Gear Release-Pull” on early airplanes* 
and “Emer Gear Release-Unlock-Pull” on later air- 
planes**, An arrow indicates the necessity to pull down 
and out on later airplanes. Pulling the handle out fully 
(approximately two inches) mechanically opens a pneu- 
matic shutoff valve to supply high-pressure pneumatic 
system air to the wheel well door and landing gear 
actuating cylinders which will open the doors and extend 
the gear. А spring clip is installed on early airplanes at 
the base of the handle to lock the handle in the fully 
extended position. On later airplanes the handle locks 
automatically in the fully extended position. The emer- 
gency extension, handle will extend the landing gear 
regardless of the position... of. the. normal-landing gear 
һап ет "ТАеге are по pro for retracting, the 
goar after extension by the emergency systems. 


LANDING GEAR POSITION INDICATORS 


Three landing gear position indicators (5, figure 1-4), 
located on the left side of the instrument panel, show 
the position of the main and nose landing gear. When 
one of the indicators reads "UP," the respective gear 
and door are up and locked. Each indicator displays a 
symbolized wheel when the respective gear is down and 
locked. W'hen there is no electrical power or tbe gear is 
in an unlocked position, the indicator displays parallel 
red and yellow stripes. On some airplanes} the landing 
gear position indicators are replaced by three green 
lights. These lights illuminate only when the correspond- 
ing gear is down and locked. Power to the landing gear 
indicators and lights is supplied by the 28-volt dc 
essential bus. 


LANDING GEAR WARNING LIGHT AND: 
TEST BUTTON 


A red warning light, located withia the wheel -shaped 
knob on the landing gear handle (figure 1-24) will illu- 
minate at any time the landing gear is not in the position 
selected by the landing gear handle. The light wil! also 
illuminate when the landing gear is not down and locked 
at an altitude of 13,500 (+1000) feet climbing 0r,9500 
(2:1000) feet descending, if the throttle is retarded below 

MIL POWER position, and the airspeed is less 
thana250.( = 14) KIAS on some airplanes and 210 ( 10) 
KIAS on other airplanest. The warning light із auto- 
matically dimmed when the instrument panel lights are 
on if the thunderstorm lights are off. On airplanes that 
have the three green landing gear indicator’ lights, а 
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red gear unsafe warning bar light has been added. The 
bar light has а press-to-dim feature and when dimmed, 
the landing gear handle warning light will also dim. The 
warning bar light is wired into the circuit with the land- 
ing gear control handle warning light and both will 
illuminate under the above conditions. On all airplanes 
the gear unsafe warning light(s) can be checked by 
depressing the test button located on the landing gear 
control panel. Ап audible warning signal is also provided 
to give an audible signal in the radio headset at any time 
the landing gear warning lights illuminate. The light(s) 
receive power from the 28-volt dc essential bus. 


On airplanes that have the red gear unsafe warn- 
ing bar light, do not depress the press-to-test 
button on the landing gear control panel and 
the red warning bar light at the same time. This 
may result in damage to the audible signal 
generator. 


NOSE WHEEL STEERING SYSTEM 


Тһе nose wheel steering system is provided for direc- 
tional control during taxiing and for portions of the 
takeoff and landing roll, as desired. The system is elec- 
trically engaged, controlled by the rudder pedals, and 
powered by secondary hydraulic system pressure. Steering 
is engaged by a button on the control stick grip. The 
hydraulically powered nose wheel steering unit will posi- 
tion the nose wheel within approximately 50° each side 
of center, when the airplane is on the ground. 


Note 
Nose wheel steering is inoperative when the 
landing gear is extended by the emergency 
extension system, 


A mechanically operated valve and centering cam auto- 
matically depressurizes the steering unit and centers the 
nose wheel as the gear retracts. The nose wheel steering 
system is irreversible which prevents forces applied to 
the nose wheel from being transmitted to the rudder 
pedals, W'hen the system is not engaged or has turned in 
excess of 509 from center the nose wheel is free to swivel. 
Тһе steering unit also serves as a conventional shimmy 
damper up to 50? either side of center. 


NOSE WHEEL STEERING UNIT 
GROUND LOCK PIN 


The nose wheel steering unit ground lock pin may be 


` installed in (һе steering unit to facilitate jacking of the 


nose wheel or to provide stability of the nose unit when 
mooring the airplane. This lock pin must be removed 
before flight. 


бескол 2” 


NOSE WHEEL STEERING BUTTON 


The nose wheel steering button (figure 1-20), located оп 
the control stick right-hand grip, engages the nose wheel 
steering system. The button is placarded "Міс (Air)-Nws 
(Gnd)." When the button is depressed a solenoid oper- 
ated valve allows secondary hydraulic system pressure to 
engage the steering unit which is then controlled by the 
rudder pedals. If the rudder pedals are displaced and 
the nose wheel is centered (as during cross-wind landing 
toll) it is necessary to neutralize the rudder pedals to 
obtain control of the steering unit. Likewise, if the nose 
wheel is not centered when the button is depressed, the 
pedals must be positioned in relationship to the nose 
wheel before steering will engage. On some airplanes, 
once engaged, nose wheel steering is available on the 
ground as long as the button із held depressed and the 
wheel does not exceed 50° from center in either direc- 
tion. On other airplanes* a relay is installed enabling 
the pilot to actuate the nose wheel steering by momen- 
tarily depressing the button. This eliminates the require- 
ment of the pilot holding the button depressed to keep 
the system engaged. Depressing the button again will 
subsequently disengage the system. 


Note 
The nose wheel steering button functions as а 
secondary microphone control when the weight 
of the airplane is off the nose gear, or the 
nose wheel exceeds 50° from center in either 
direction. 


Тһе nose wheel steering button receives power from the 
28-volt dc essential bus. 


WHEEL BRAKE SYSTEM 


Тһе multiple-disc type, pneumatically operated brakes 
are installed on the inboard side of the main wheels. 
Conventional toe action on the rudder pedals individ- 
ually applies independent hydraulic pressure to control 
the position of spring-loaded metering valves which, in 
turn, contro] pneumatic pressure to actuate the brakes. 
Тһе main landing gear drag braces serve as pneumatic 
reservoirs for the brake system and are connected to 
the high-pressure pneumatic system through check valves 
which maintain braking pressure in the event high- 
pressure pneumatic system pressure is depleted. 


Note 
There is no method of checking brake system 
pneumatic pressure in flight. As the brakes are 
hydraulically controlled and  pneumatically 
actuated, the feel of pressure in the rudder 
pedals is not a definite indication that pneu- 
matic pressure is available to the brakes. How- 
ever, pneumatic brake system pressure should 
always be equal to or greater than high-pressure 
pneumatic system pressure. 
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Relief valves are installed to protect the brake system 
against excessive pressure. No emergency, antiskid, or 
parking brake system is provided. 


DRAG CHUTE AND OVERRUN BARRIER 
PROBE SYSTEM 


А drag chute is provided to reduce landing roll distance 
and is designed to be used after touchdown. The ringslot 
type parachute, packed in a deployment bag, is stowed 
in a compartment below the rudder. The speed brakes 
serve as compartment doors, The drag chute is deployed 
and јешвопед by a drag chute control handle which 
supplies penumatic pressure to operate the chute deploy- 
ment mechanism. Protective strips are also added to the 
chute risers to prevent heat from aft section of the air- 
plane from melting the risers. The chute pack is secured 
to the airplane to prevent deployment in flight when the 
speed brakes are opened. Should this feature fail and the 
chute accidentally deploy in flight (without pulling the 
drag chute control handle) the deployment mechanism 
will release the entire chute assembly from the airplane. 


Note 

€ ТЕ the speed brakes are closed and dc essen- 
tial bus power is available, secondary hydraulic 
system pressure, or in the event of secondary 
hydraulic system pressure failure, high-pressure 
pneumatic system pressure will open the brakes 
for drag chute deployment. 

• Pulling the drag chute handle will open the 
speed brakes regardless of the speed brakes 
switch position unless the jettison pin is dis- 
lodged or a malfunction exists in the speed 
brakes circuit. If speed brakes are open, 
dc power is not required for drag chute 
deployment. 


The chute mechanism incorporates a shear рїп to prevent 
structural damage if the chute is deployed above approxi- 
mately 160 КІА5. On some airplanes an extendible over- 
run barrier probe is installed and will extend simulta- 
neously with the drag chute activation. 


DRAG CHUTE HANDLE 


The drag chute handle (2, figure 1-4), located to the left 
of the instrument panel, is formed to resemble a para- 
chute and is used to deploy and jettison the drag chute. 
Pulling the handle fully straight out (approximately 1.5 
inches) actuates a switch that electrically conttols the 
speed brakes selector valve which applies secondary 
hydraulic system pressure to open the speed brakes. 


Simultaneously, the handle mechanically operates a selec- - 


tor valve to supply high-pressure pneumatic system pres- 
sure to the chute deployment mechanism securing the 
chute risers and pulling the ripcord pins which deploys 
the chute. The drag chute handle controls high-pressure 
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pneumatic system air to both the speed brakes and the 
drag chute and is used in the event of secondary hydraulic 
system failure to operate the speed brakes for drag chute 
deployment. Pulling the drag chute handle fully out, 
rotating 90° to the right, then out again, supplies 28-volt 
dc power to a solenoid operated pneumatic selector valve 
which supplies high-pressure pneumatic air to the speed 
brakes cylinders. Mechanical sequencing prevents release 
of the chute until the speed brakes have opened suffici- 
ently to clear the chute as'it deploys. Pushing the drag 
chute fully in releases pneumatic pressure to the deploy- 
ment mechanism which jettisons the chute. Speed brakes 
cannot close until the chute is jettisoned. If the speed 
brakes switch is IN when the chute is jettisoned the 
speed brakes will close;. otherwise they will remain in 
the extended position. 


ө To prevent loss of drag chute or to prevent 
chute from slowing airplane to excessively slow 
speeds, do not deploy drag chute in flight. 


* Do not jettison the drag chute unless the speed 
brakes switch is in the neutral position. This 
will. prevent venting hydraulic fluid from the 
secondary hydraulic system if inadvertent emer- 
gency speed brakes extension had occurred dur- 
ing drag chute deployment. 


• Damage can result to the speed brakes actuators 
or their electrical conduits if the speed brakes 
doors are closed after the drag chute has been 
jettisoned, or if the doors are closed with drag 
chute not installed. This happens when the lower 
drag chute restraining strap falls down so that 
the bolt and nut on the strap are in the direct 
path of the protruding bolts on the speed brakes 
electrical conduits. 


On airplanes equipped with overrun barrier probe*, pull- 
ing the drag chute handle will mechanically extend the 
overrun barrier probe at the same time the drag chute 
is activated. 


PITOT-STATIC SYSTEM 


The pitot-static system (figure 1-25) supplies pitot pres- 
sure to the airspeed indicator, the pressure switch of the 
landing gear warning system, the fire control system, 
AFCS, and the engine pressure ratio gage. Static pressure 
is applied to the airspeed indicator, the vertical velocity 
indicator, AFCS, and the altimeter. The pitot-static tube 
is mounted on the end of the nose boom. Ram air (q) 
pressure, is supplied from two tubes located on the lead- 


ing edge of the vertical fin, to control the elevator and > 


rudder artificial feel systems. All pitot tubes are anti-iced 
by electrical power from the 28-volt dc essential bus. 


я ДЕ 57-770 © on, б airplanes modified by ТСТО 1Е-102-658. 
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INSTRUMENTS 
Note 
This paragraph covers only those instruments 
which cannot be considered to be parts of com- 
plete systems, such as fuel system, engine, etc. 


MM-2 ATTITUDE INDICATOR 


Тһе airplane is equipped with the MM-2 remote atti- 
tude indicator to give visual indication of the flight 
attitude of the airplane in pitch and roll, This indicator 
is a remote indicating instrument having the gyroscopic 
control unit located on the centerline of the airplane at 
the aft end of the upper electronics compartment with 
the indicating phase located on the instrument, The sys- 
tem is powered from the 115-volt, 3 phase, 400 cycle 
essential bus and the 28-volt dc essential bus. Erection of 
the gyro requires approximately 244 minutes after appli- 
cation of power and can be observed by disappearance of 
the "OFF" power failure flag visible through the cover 
glass of the indicator. The "OFF" flag will appear in case 
of complete ac or dc power failure. However, a slight 
reduction in ac or dc power, or failure of certain electrical 
or mechanical components within the system, will not 
cause the "OFF" flag to appear, even though the system is 
not operating properly. 


9 During flight, it is possible that a malfunction 
of the attitude indicator might be determined 
only by checking it with the other flight instru- 
ments and with the artificial horizon on the 
radar scope. 


Ф if the "OFF" flag requires longer than 215 
minutes to retract or any oscillations are noted 
on the indicator after the “OFF” flag retracts, 
a possibility of a malfunction exists. Either of 
the above is cause for rejection of the indica- 
tor and should be noted on Form 781. 


The instrument is operative through 3609 of roll, 829 
of climb, and 82? of dive, and it is not likely to tumble 
even during extreme maneuvers. However, should the 
gyro tumble, it will require approximately 15 minutes to 
erect. Indicator error is less than 4? іп level flight, and, 
up to a turn rate of 40? per minute, the indication error 
compares to that of a conventional gyro. In turns of 40? 
or more per minute a compensating mechanism in the 
instrument limits turn error indication to 29 


A slight amount of pitch error in the indication 
of the MM-2 attitude indicator will result 
from accelerations or decelerations, It will 
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appear as a slight climb indication after a for- 
ward acceleration and as a slight dive, indica- 
tion after deceleration when the airplane is 
flying straight and level. This error will be 
most noticeable at the time the airplane breaks 
ground during the takeoff run. Ас this time, a 
climb indication error of approximately 1% 
bar widths will normally be noticed; however, 
the exact amount of error will depend upon the 
acceleration and elapsed time of each individual 
takeoff. The erection system will automatically 
remove the error after the acceleration ceases. 


The indicator does not have a manual caging handle. 
When power is turned off, a snubber automatically grips 
the gimbal and keeps it from tumbling. When power is 
turned on, the snubber is released after а 15-second time 
delay. As level flight pitch attitude of the airplane varies 
with different loadings and speeds, a pitch trim knob is 
provided on che indicator to center the horizon bar after 
the airplane has been trimmed for level flight. 


MACHMETER-AIRSPEED INDICATOR 


Тһе Machmeter airspeed indicator (8, figure 1-4) will 
indicate airspeeds up to 850 knots and up to Mach 2.2. 
Early airplanes are equipped with an ME-2 indicator 
and later airplanes are equipped with an ME-4 indica- 
tor. The instrument contains a dual-pointed needle which 
points to a movable Mach scale that rotates with altitude 
changes to show the Mach number that is equivalent to 
indicated airspeed for the particular flight altitude. For 
example, at sea level, the Mach 1.0 scale might be oppo- 
site the 650 knot graduation of the IAS scale, А climb 
to 40,000 feet would cause the Mach scale to rotate so 
that Mach 1.0 would be opposite the 310 Клог scale. 
А knurled knob, located at the lower right side of the 
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instrument, allows setting of a movable index marker 
(this marker moves along the perimeter of the dial) to 
reference a desired speed. Mach number is read from the 
airspeed. pointer on the Mach number dial (inside the 
cut-out on the ME-4 indicator and on the outer left-hand 
edge on the ME-2 indicator). The indicators use impact 
and static pressures from the pitot-static system. The red 
and black limiting pointer is not used on this airplane 
and has been set to the full limit of its upward travel. 
Early airplanes* have an airspeed correction card in a 
holder, located on the left side of the cockpit, above the 
console and forward of the throttle quadrant. 


«ДЕ 53-1791 thru 55-3357. 
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ACCELEROMETER 


A three-pointer accelerometer located at the lower left 
corner on the main instrument panel, on some air- 
planes, shows positive and negative g-loads. In addition 
to the conventional indicating pointer, there are two 
recording pointers (one for positive g-loads and one for 
negative g-loads) which follow the indicating pointer 
to its maximum attained travel. Тһе recording pointers 
remain at the maximum travel position reached by the 
indicating pointer, thus providing a record of maximum 
g-loads encountered. To return the recording pointers to 
the normal (опе 8) position, іс is necessary to press the 
knob on the lower left corner of the instrument ring. 


Approach g limits slowly as difference in 
location of accelerometer and airplane center 
of gravity can introduce a lag as much as one 
в when making rapid changes in attitude. 


ALTIMETER 


A conventional altimeter (36, figure 1-4) is installed for 
use in determining pressure altitude of the airplane above 
sea level. Some airplanes are equipped with an MB-2 
altimeter which is conventional in indication except for 
warning hash-marks in the lower portion of the instru- 
ment. The hash-marks are covered above 16,000 feet and 
become visible when descending below 16,000 feet, Other 
airplanes are equipped with the MA-1 altimeter which 
is similar to che MB-2 except for greater accuracy. Later 
airplanes® have an altimeter calibration card in a holder, 
located on the left side of the cockpit, above the console 
and forward of the throttle quadrant. 


Тһе barometric setting knob can be turned so 
that the barometric disc will rotate through 
3609. If the correct altimeter setting is then 
established, the altimeter will indicate 10,000 
feet in error. 


TURN-AND-SLIP INDICATOR 


A conventional turn-and.slip indicator (37, figure 1-4) 
located on the instrument panel is rated for a four- 
minute turn (1/9 per second). Оп some airplanes** the 
turn-and-slip indicator is mounted perpendicular to the 
longitudinal axis of the airplane and presents correct 
turn indications. 


*АЕ 55-3358 © on. 
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On other airplanes the turn-and-slip. indicator 
presents erroneous turn indications due to 
mounting the instrument flush with the inclined 
instrument panel. This mounting results in 
inclination of the longitudinal axis of the turn- 
and-slip indicator with respect to the roll axis 
of the airplane, which causes false turn indica- 
tions. For example, if the instrument were 
mounted in the floor of the cockpit, it would 
no longet indicate rate of turn but would indi- 
cate rate of roll (due to gyroscopic action this 
would be indicated by a left needle deflection 
when rolling to the right, or vice versa.) The 
inclined installation combines both roll and 
turn indications to the instrument which cause 
false indications, Since a tutn is induced by first 
rolling into the turn, the turn needle will indi- 
cate roll (in the opposite direction), and once 
the turn 15 established the needle will reverse 
its movement and indicates a turn іп the proper 
direction. The faster the rate of the roll the 
greater the erroneous indication in the opposite 
direction. In the event the attitude indicator 
and the radar scope reference are inoperative, 
and the turn-and-slip indicator is used as the 
primary flight instrument, excessive rate of roll 
should be avoided when establishing the 
desired bank angle. 


The turn-and-slip indicator is powered by the 28-volt dc 


essential bus. 


STANDBY COMPASS 


À conventional magnetic compass, suspended from the 
canopy, is furnished for navigation purposes in the 
event of failure of navigation equipment or electrical 
system failure. Illumination of a light within the com- 
pass case is controlled by a switch on the right side of 
the cockpit. А standby compass correction card and 
holder are located on the left side of the cockpit, above 


the console and aft of the throttle quadrant. 


OUTSIDE AIR TEMPERATURE GAGE 


Ап outside air temperature gage is installed on early air- 
planes* and is located on the right-hand console. The 
indicator has a range from —50° to 4-509С, It is an 
electrical resistance type instrument and measures 
ambient temperature. 'The teinperature sensing unit is a 
resistance bulb located in the engine inlet duct. The tem- 
perature indicating system also receives power from the 


28-volt dc essential bus. 
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1. Hydraulic 01 Hot 

2.-AC Power failure. 

33. DC Power-Füilure 

4. Етагдепсу- Fuel System On 
5. Oil Pressure low ~ 

6. Pneumitic Préssuro Low: 

7; Anti-le Failure. (Ice Detector) 
В. Engine Fuel Pump Failure 

9: Fuel Quantity Low Іей, ' 
70), Fuel, Quantity: Low Right 

М. Fuel Tank Pressure Low teft 
12, Fuel Tank Pressure Low Right. 

- 13. Fuel Booster Pressure Low Left’ . - 
14., Fuel Booster Pressure Law Right. 
15. (Blank) 

16. Electronic. Cooling Air Failure 
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Figure 1-26 


CLOCK 


The clock (6, figure 1-4), located on thé instrument 
panel, is an eight-day spring-winding type. It contains an 
elapsed-time mechanism which uses a sweep-second hand. 
The elapsed-time mechanism is started, stopped, and reset 
by pushing in on the elapsed time button. 


DIRECTIONAL INDICATOR (SLAVED) 
Refer to NAVIGATION EQUIPMENT, Section IV. 


EMERGENCY EQUIPMENT 
MASTER WARNING SYSTEM 


A warning light panel (figure 1-26), located at the for- 
ward end of the right-hand console has 16 individual 
amber warning lights which indicate malfunctions or 


1-50 


failures of various systems and équipment. Illumination 
of any individual light also illuminates an amber master 
warning light оп the main instrument panel, within the 
pilots normal line of vision. Once illuminated, the 
master warning light can be extinguished with a master 
warning test and reset switch. However, the individual 
warning light will remain illuminated until the mal- 


function is cleared. Subsequent malfunction will again “ 


illuminate the master warning light. Warning lights 
are automatically dimmed when the flight instrument 
lights are оп, if the thunderstorm lights are off, The 
master warning system does not include the landing 
gear unsafe warning light, canopy unlocked. warning 
light, hydraulic pressiire-low warning: light, or fire and 
overheat warning light. 
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Figure 1-27 


Master Warning Test and Reset Switch 

A three-position master warning test and reset switch 
(figure 1-26), placarded "Master Warn,” is located at 
the right of the master warning light panel. It has posi- 
tions TEST and RESET, and is spring-loaded to a center 
(OFF) position. When held in the TEST position ail 
lights in the master warning system should illuminate. 


Note 


Placing the switch to TEST is a functional 
check of lights only; not of complete warning 
circuits. 


In the event of a system malfunction, both individual 
and master warning lights will illuminate. The RESET 


position is used to extinguish and reset the master warn- 
ing light only so that it will relight again in case of a 
subsequent malfunction. The master warning system 
receives power from the 28-volt dc essential bus, 


ENGINE FIRE WARNING SYSTEM 


А fire warning system (figure 1-27) is installed to detect 
and indicate fire and overheat conditions іп the forward 
or aft engine compartments, The forward engine com- 
partment (which includes the compressor and accessory 
sections) and the aft compartment (which includes the 
combustion chambers and the turbine) have separate 
detector loops and detector units. The detector loops are 
of resistance-type coaxial construction. А hot spot any- 
where along the length of the loop completes the circuit 
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(between a center conductor and the outside tube) 
which the detector unit senses. А fire burning through 
the loop would not affect its operation. Both forward 
and aft detector networks are electrically connected to 
à warning light in the cockpit. 


Engine Fire Warning Light and Test Switch 


Ап abnormally high temperature in the forward or aft 
engine compartments is indicated by the red fire warn- 
ing light. (13, figure 1-4), located on the instrument 
panel. When illuminated the light displays "FIRE." To 
identify the zone of the fire, the light will illuminate 
steadily for the forward engine compartment and flash 
for the aft engine compartment. А three-position test 
switch (figure 1-8), located at the right of the warning 
light, із placarded "Test" and is spring-loaded to the 
center (OFF) position. When the switch is held to FIRE 
position, the warning light should illuminate steadily, 
indicating proper operation of the forward loop, detec- 
tor, and light. When the switch is held to OVHT posi- 
tion, the warning light should flash, indicating proper 
operation of the aft loop, detector, flasher, and light. 
Failure of the flasher unit will not affect forward loop 
operation but the aft loop would be inoperative, The 
warning system. receives power from the 28-volt dc 
essential bus. 


SURVIVAL KIT 


A survival kit* (figure 1-28) is furnished with some 
airplanes and is designed to fit in the ejection seat. The 
kit, fitted with a rubber cushion which snaps to the kit, 
is of fiberglas construction and serves as a seat cushion 
with a back-type parachute. The survival kit attaches to 
the parachute harness by means of an adjustable strap 
on each side and consists of an oxygen regulator, two 
bailout oxygen bottles, personal equipment leads, a 
one-man life raft (if required), a provision kit, and a 
reflector on back of the survival kit lid. The bundle of 
personal equipment leads is inserted into a receptacle 
in the right rear corner of the kit, The receptacle con- 
tains connections for oxygen, partial pressure suit, mask 
defog, communications leads, and the green knob for 
bailout bottle manual actuation, The oxygen regulator 
in the kit controls all oxygen used by the pilot (breathing 
and partial pressure suit) both in the event of ejection 
and during notmal flight and ground operation. An 
oxygen system press-to-test button is located on the 
front panel of the kit (refer to LIQUID OXYGEN 
SYSTEM, Section IV). In event of ejection, oxygen 
from the bailout bottles provides breathing oxygen and 
pressure suit oxygen for a minimum of 12 minutes. The 
bailout bottles utilize one pressure gage which is visible 
through a small window in the rear portion of the kit. 
Pressure in the bottles should read 1800 psi and should 
be checked prior to each. flight. A bailout bottle reducer 
lowers the pressure to 40-60 psi and delivers this pressure 


ЖАР 56-1275 thru -1316, -1332 © on, Ф airplanes modified by 
TCTO 1Е-102-642. 
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to the regulator. The bailout bottles are actuated auto- 
matically as the ejection seat leaves the airplane during 
ejection, or may be manually actuated during flight 
whenever the bailout bottles are required. Manual actu- 
ation of the bottles is accomplished by pulling the round 
green knob attached to a cable in the personal equipment 
lead bundle. Manual actuation may be desired at any 
time the ship's oxygen system is depleted or is not 
supplying oxygen for breathing or partial pressure suit 
operation. The life raft is inflated by an automatically 
actuated carbon dioxide bottle mounted on the inside of 
the kit. The provision kit is a waterproof packet strapped 
in the bottom of the survival kit and should contain the 
items necessary for survival in the area of operation. 


Do not step or stand on the survival kit as dam- 
age to the case or personal leads can result. Dirt 
and grease can also be introduced into the oxy- 
gen regulator, rendering it inoperative and pos- 
sibly creating a fire hazard. 


Emergency Airway Valve 


Ап emergency airway valve, located on the reverse side 
of the partial pressure suit bladder lead (figure 1-28), 
is provided on some survival kits. This valve is being 
deactivated** in all airplanes and should be capped. 


Survival Kit Emergericy Release Handle 


The yellow emergency release handle (figure 1-28) is 
located on the right side of the survival kit and is 
placarded "Emergency Release" on some airplanes ог 
"Kit Release" on other airplanes. The handle is hinged 
at the rear, and when raised following ejection and chute 
deployment, will release the kit. The handle also réleases 
the kit for quick ground egress. When fully raised, the 
handle will separate from the kit. Raising the handle 
causes the following to occur simultaneously after ejec- 
tion and parachute deployment: 


* Disconnects kit from personal equipment lead 
bundle. 


Ф Lower portion of kit drops but remains attached 
to parachute harness by lanyard. 


Ф Actuation of carbon dioxide bottle for life raft 
inflation. 


For quick ground egress, raising the handle will cause 
the following to occur: 


% Disconnects kit from personal equipment lead 
bundle. 


* Releases parachute attaching wedges, completely 
separating the pilot from the survival kit. 


зі accordance with ТСТО 1F-102-678. 
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COMMUNICATIONS ADAPTER (USED WITH 
OXYGEN MASK) 
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On survival kits — Part Мо. 8-09353-7 — the 25- 
foot lanyard will remain attached to the para- 
chute and the life raft will inflate when the 
emergency release handle is pulled. When 
equipped with the 8-09353-7 survival kit, the 
parachute, should be removed prior to abandon- 
ing the airplane. 


When released the kit will fall away from the pilot and 
remain attached by means of a nylon lanyard (approxi- 
mately 25 feet long) attached to the right-hand parachute 
attaching strap. The life raft and kit will remain attached 
throughout the descent and will strike the surface 
approximately 25 feet aheàd of the pilot. The emergency 
release handle should be raised and the kit released dur- 
ing the descent after parachute is fully deployed and 
stabilized, and a safe altitude for breathing without sup- 
plémental oxygen is reached. 


*On some airplanes, pulling. the emergency 
release handle will always inflate che rubber life 
raft (if installed), whether or not the kit is in 
the seat. On other airplanes*, the raft will not 
inflate in the seat. 


• Do not raise the emergency release handle dur- 
ing descent until after parachute deployment to 
prevent the kit or the lanyard from fouling the 
parachute. 


* Do not raise the emergency release handle until 
after descent to an altitude not requiring oxy- 
gen. The oxygen supply will be cut off when 
the survival kit is released. 


Survival Kit Harness Release Lever 


The harness release (figure 1-28) is a lever aft of the 
emergency release handle on the right-hand side of the 
survival kit. It is placarded "Harness Release" and has a 
hole into which a finger may be inserted for raising. The 
lever is hinged at the rear and, when raised, releases the 
survival kit from the parachute attaching straps. This 
lever is designed for use when an emergency escape other 
than ejection is desired, such as escape from the airplane 
after a crash landing. When the lever is raised the pilot 
is released from all connections оп the survival kit except 
the personal leads. 


*Airplanes modified by ТСТО 1Р-102-642 or ТСТО 1F-102-679. 
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The metal-reinforced plexiglas canopy (7, figure 1-2) is 
а clamshell type which is manually opened and closed. 
Тһе canopy is hinged at the rear and opens to provide 
a maximum opening of approximately 40 degrees. To 
facilitate manual raising and lowering of the canopy, a 
рпептагіс- counterbalance cylinder is installed which 
equalizes the weight of the canopy. Án exterior canopy 
grip is installed on the forward left side of the canopy to 
aid in opening and closing the canopy when the pneu- 
matic system is not serviced. A clamping or cinch-down 
force (from high-pressure pneumatic system) is applied 
by the counterbalance cylinder during the final move- 
ment of closing the canopy to compress the canopy 
seal and facilitate engagement of the latches. The 
counterbalance cylinder incorporates a ballistic charge 
to jettison the canopy in emergencies. Manually operated 
latches secure the canopy in the closed position and a 
warning light illuminates whenever the latches are not 
fully engaged. An inflatable canopy seal is incorporated 
around the base of the canopy to permit pressurization 
of the cockpit. Emergency jettisoning of the canopy is 
accomplished by raising the canopy jettison handle 
(located on the forward end of the left-hand armrest), 
raising either ejection seat handgrip, or by pulling the 
canopy external jettison handle. When the canopy is 
jettisoned by the above methods, it arms the ejection 
seat arming initiator. On some airplanes, if the canopy 
cannot be jettisoned in flight and it is manually raised 
and allowed to be removed by windblast, the seat arming 
initiator becomes armed. However, on other airplanes, 
the seat arming initiator will not arm when the canopy is 
manually released in flight, and ejection from the air- 
plane will not be possible. On early airplanes** to facil- 
itate taxiing with the canopy open, a canopy hold-open 
rod is secured to the forward right-hand edge of the 
canopy. With the canopy open, the hold-open rod can 
be secured to the airplane structure to prevent. small 
airloads from shifting the canopy position. The hold- 
open rod is secured by a spring-loaded sleeve which is 
raised to fasten or unfasten the rod. A spring clip, along 
the base of the canopy, is used to stow the rod when not 
in use. On later airplanes} a solenoid-operated valve is 
installed in the pneumatic pressure line that connects the 
upper and lower portions of the canopy counterbalance 
cylinder. This valve is controlled by a pushbutton switch 
located оп. the internal left-hand canopy gtip, and when 
the valve is closed the canopy is locked in any desired 


open position. 


* The canopy is not designed to be opened 
in flight as it would be completely removed by 
the wind blast. 


*AF 55-3427 thru 56-1429 unless modified by TCTO 1Е-1024-565. 
S AF 53-1791 thru 54-1400. 
TAP 54-1401 & on, & airplanes modified by ТСТО 1F-102A-571. 
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9 If the canopy is open during taxi operations, 
observe canopy limit speeds. The canopy hold- 
open rod must be used on airplanes which do 
not have a canopy hold button. Keep hands away 
from canopy sill unless the canopy support tool 
is in place. 


CANOPY SEAL 


An inflatable rubber seal is installed around the base 
of the canopy to provide sealing of the canopy to the 
fuselage and windshield. Engine compressor bleed air 
is used to inflate the seal to permit cockpit pressuriza- 
tion during flight. A valve operated by the canopy latch 
mechanism automatically admits air pressure to inflate 
the seal when the canopy latch handle is pushed fully 
in. The initial pull of the canopy latch handle dumps 
pressure from the canopy seal. 


CANOPY GROUND SUPPORT TOOL 


A removable canopy ground support tool (figure 1-23) 
is provided for use during ground operations. The tool 
fits between the canopy and canopy sill on the left side 
of the airplane. 


The canopy ground support tool should be in 
place before entering or leaving the cockpit 
to prevent the possibility of serious personal 
injury should inadvertent closing of the canopy 
occur. When the tool is not in position, special 
care should be taken to keep the area between 
the canopy and the canopy sill clear. 


CANOPY COUNTERBALANCE CYLINDER 


To facilitate manual raising and lowering of the canopy 
a pneumatic cylinder is installed and connects to the 
canopy forward of the canopy hinge line. The cylinder 
(in counterbalance condition) has air pressure on. each 
side of a piston which, due to larger area on the lower 
side, applies an upward force that equalizes the weight 
of thé canopy. The counterbalance cylinder is pres- 
surized by the high-pressure pneumatic system through 
a regulator which reduces the operating pressure to 
approximately 1500 psi. During the final movement of 
closing the canopy a valve is mechanically opened which 
automatically relieves pressure from the lower side of 
the piston. Then the existing pressure on the upper side 
of the piston applies a downward force (cinch-down 
force) on the canopy which compresses the canopy seal 
and enables the canopy latches to be manually engaged. 


Section | 


WARNING 


Тһе final movement (one to two inches) of clos- 
ing the canopy is rapid and is cinched down with 
considerable force; therfore, care should be 
taken that the area beneath the canopy is clear 
to prevent personal injury or damage to equip- 
ment. 


To open the canopy it is necessary to push the canopy 
latch handle fully in and return to fully out position or 
depress the canopy external release button which will 
mechanically open a valve allowing high pressure (at a 
regulated value) to enter the lower side of the counter- 
balance cylinder restoring the counterbalance condition, 
and permitting the canopy to be raised manually. On 
later airplanes? a solenoid-operated valve is installed іп 
the counterbalance air line between the upper and lower 
sides of the counterbalance cylinder to lock the canopy 
in any desired open position for taxi operations. This 
valve is spring-loaded to the open position; therefore, 
whenever power is being supplied to the 28-volt dc essen- 
tial bus and the canopy is opened, the valve will close 
forming an air lock within the upper and lower portions 
of the counterbalance cylinder which will lock the canopy 
in its existing position. To facilitate desired movement 
of the canopy, a canopy hold button is installed on 
the internal left-hand canopy grip. This button, when 
depressed, will open the circuit to the solenoid-operated 
valve allowing the canopy to be manually raised or 
lowered. In addition, to facilitate complete closure and 
initial opening of the canopy from the outside when 
28-volt dc power is connected, a limit switch is installed 
хо disconnect 4с power to the canopy hold button which 
permits free canopy movement for approximately six 
inches from the fully closed position. Depletion of high- 
pressure pneumatic pressure during flight will prevent 
restoring complete counterbalance action; however, the 
canopy сап be raised manually with partial aid of counter- 
balance action. 


CANOPY EXTERIOR RELEASE BUTTON 


When the canopy is manually closed (on a parked air- 
plane) the counterbalance cylinder applies the cinch- 
down force to seal the cockpit from the elements. To 
gain access again, it is necessary to restore counter- 
balance action before the canopy can be raised. This is 
accomplished by an exterior' release button (figure 2-2) 
placarded "Push to Release Canopy" located on the out- 
side of the left-hand intake duct near the base of the 
canopy. Pushing the button mechanically controls a 
pneumatic valve which supplies pneumatic pressure to 
the counterbalance cylinder thus relieving the cinch- 
down force. The canopy can then be raised manually. 
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CANOPY LATCH HANDLE 


The T-shaped canopy latch handle (26, figure 1-4), 
located on tlie right side of the instrument panel, is used 
to mechanically engage and réléase the canopy latches. 
When the canopy is completely closéd, pushing the 
handle fully in will engage the canopy latches and allow. 
inflation of the canopy seal, A warning light above the 
handle will go out when the latches are fully engaged. 


Initial movement of the handle from the fully in position ` 


causes the canopy unlecked warning light to illuminate. 
Subsequent aft movement of the handle unlatches the 
canopy latch hooks and, when the handle: is fully out 
(approximately eight inches), relieves canopy seal pres- 
sure and places the pneumatic control valve in the coun- 
terbalance condition, The canopy can then be raised 
manually. 


CANOPY HOLD BUTTON 


The canopy hold button (figure 2-2) located on the inter- 
nal left-hand canopy grip, is spring-loaded to the out 
position which supplies power to the solenoid-operated 
valve, located on the canopy counterbalance cylinder. 
Whenever powér is being supplied to the 28-volt dc 
essential bus and ,canopy movement is desired, it is 
necessary to depress this button permitting free flow of 
pneumatic pressure within the counterbalance cylinder, 
and allowing the canopy to be manually raised or 
lowered, The canopy hold button receives power from the 
28-volt dc essential bus whenever the canopy is opened 
in excess of approximately six inches. 


CANOPY JETTISON HANDLE 


The yellow canopy jettison handle (figure 1-29) may be 
used to jettison the canopy by a ballistic charge. The 
handle із located on the forward end of the left armrest 
and. incorporates a safety latch which is released by 
pressing a button located on the outboard end of the 
handle. Raising the handle will unlatch and jettison the 
canopy with a ballistic charge. This system functions 
through the same mechanisms as used by the ejection 
seat handgrips and should be used when it is desired 
to jettison the canopy without exposing the handgrip 
triggers, 


EJECTION SEAT HANDGRIPS 


The canopy can be jettisoned by raising either the right 
or left ejection seat handgrips. Refer to EJECTION 
SEAT, this Section, 


CANOPY EXTERNAL RELEASE HANDLE 


In the event of rescue, if the canopy fails to jettison or if 
the presence of fuel fumes makes jettisoning inadvisable, 
the canopy may be unlatched and manually raised. The 
external canopy telease handle is located below the 
right-hand windshield and is covered by а small access 
door (figure 3-6). When the access door is opened, the 
spring-loaded handle pops out. Pushing the handle aft 
releases canopy cinchdown pressure and unlatches the 
canopy which may then be raised manually. 
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CANOPY EXTERNAL JETTISON HANDLE 


During emergency conditions, the canopy can be jetti- 
soned from outside the аїгріапе for emergency rescue by 
the. external jettison handle (figure 3-6). The handle is 
located in a small compartment on the left side of fuse- 
lage forward of the wing intersection, Removing the 
access door exposes the handle which has approximately 
six feet of excess cable, allowing the operator to stand at 
a safe distance from the airplane before jettisoning the 
canopy. Pulling the cable outboard six feet, then applying 
a steady pull of approximately 30 pounds, initiates the 
sequence by mechanically pin-firing the canopy initiator 
(figure 1-30) which gas-fires the thruster. This releases 
the canopy latches and cinchdown pressure and gas-fires 
the canopy remover initiator which in turn fires the ballis- 
tic cartridge located at the base of the canopy remover 
cylinder. The expanding gases from. the ballistic car- 
tridge open the canopy, then jettison it, The canopy 
shóuld travel up and aft and will probably strike the 
tail. The trailing wire will fire the seat arming initiator 
and arm the seat ejection system, preparing it for oper- 
ation. Pulling the external jettison handle actuates the 
same mechanisms as does the canopy jettison handle or 
the ejection seat handgrips. 


| 

The external canopy jettison handle should not 
be pulled except for emergency reasons. The 
ground safety lock pin which is installed in the 
ejection seat right handgrip linkage prevents 
jettisoning of the canopy from the cockpit but 
will not prevent jettisoning if the external 
handle is pulled. 


CANOPY UNLOCKED WARNING LIGHT 


The red canopy unlocked warning light (22, figure 1-4), 
located above the canopy latch, handle, illuminates and 
displays “CANOPY UNLOCKED” when both canopy 
latches are not fully engaged. The warning light receives 
power from the 28-volt dc essential bus. 


EJECTION SEAT 

Тһе ejection seat (figure 1-29) permits bailout at high 
speeds and any flight attitude. A. catapult fired Бу a 
ballistic charge supplies the necessary force to eject the 
seat and pilot upward from the airplane. Some airplanes 
are equipped with the M-3 ballistic catapult and other 
airplanes* are equipped with the MK-1 rocket catapult. 
The seat has an automatic-opening safety belt and 
accommodates a back-type parachute. A seat cushion is 
furnished; however, à one-man life raft or a survival kit 
тау be used instead of the seat cushion. A rigid seat 
style survival and oxygen kit container 'is used ori some 
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КОТЕ 

, ', RAISING EITHER HANDGRIP, RAISING CANOPY JETTISON HAN- 

7 Фів OR PULLING CANOPY. EXTERNAL IETTISON. HANDLE WILL 
; UNLATCH:CANOPY LATCHES AND JETTISON CANOPY. THE SEAT 

CATAPULT INRIATOR IS ARMED MECHANICALLY WHEN THE 

CANOPY IS JETTISONED. 
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Рідиге 1-30 
airplanes. No additional parachute support block is result when the ejection force compresses the 
required as the survival kit container has its own support. cushion and enables the seat to gain consider- у 
On other airplanes, either «ће МС-2 seat cushion, ог able momentum before exerting a direct force O 
the MD-1 contoured seat style survival kit container on the pilot, Chance of injury during forced 
should be used. When the MC-2 seat cushion is used, landing is also increased. 


a parachute support block is required. 

Vertical adjustment of the seat can be accomplished by 
an electric actuator. The shoulder harness inertia. reel, 
located on the back of the seat, locks automatically when 
a rapid pull (equivalent to two to three g's deceleration) 
force is exerted on the harness assembly. The inertia reel 


Do not use the А-5 cushion, or any similar is equipped with a manual control. Оп airplanes not G 
sponge rubber cushion, when equipped with a equipped with a survival kit, the pilot's mask defog, 
one-man life raft or survival kit. If ejection headset and microphone leads, oxygen and anti-g suit 
becomes necessary, serious spinal injuries can hoses are attached to a disconnect unit on the lower left 
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side of the seat and disconnect from the airplane auto- 
matically when the seat is ejected. On airplanes equipped 
with the survival kit, the pilot's mask defog, headset, 
microphone leads, and oxygen hoses are attached to the 
right-rear of the survival kit. The anti-g suit and vent 
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are attached to a disconnect unit on the lower left side 
of the seat. All connections automatically disconnect from 
the airplane when the seat is ejected. Elbow guards on 
the armrests are folded down out of the way during 
normal flight but are raised automatically to a protective 
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position when the seat handgrips are raised prior to ejec- 
tion. The ejection sequence is so designed that the seat 
cannot be ejected until the canopy has been jettisoned. 
On some airplanes*, an automatic-opening chaff dispenser 
(figure 1-29) is installed on the upper left-hand side of 
the ejection seat. The dispenser is opened on ejection by 
a lanyard attached to the ejection seat rail structure. The 
dispenser cover latch pin ring is safety-wired to the dis- 
penser housing to prevent inadvertent opening of the 
dispenser. On ejection, the lanyard breaks the safety wire 
and opens the dispenser. The chaff dispenses to aid ground 
radar in locating the bailout area for rescue operations. 


Ground maintenance safety pins (figure 1-29) 
are inserted in the canopy initiator, the seat 
arming initiator and the safety belt initiator 
during maintenance operations. А ground safety 
lock pin is also inserted in the right-hand seat 
ejection grip. On some airplanes a fitting is 
provided at the right-hand side of the seat 
on the bulkhead for stowing the ejection seat 
safety lock pin. If any of the pins are left in 
place, canopy jettisoning, seat ejection and/or 
automatic opening of the safety belt is pre- 
vented. 


AUTOMATIC-OPENING SAFETY BELT 


An automatic-opening safety belt (figure 1-31) is pro- 
vided to extend the maximum and minimum safe altitudes 
for seat ejection. In a high-altitude bailout, the automatic 
belt, combined with the automatic parachute, delays para- 
chute deployment until a safe altitude is reached. In a 
low-altitude bailout, «Бе automatic system reduces the 
altitude required for safe ejection by reducing the time 
required for separation from the seat and parachute 
deployment, Thorough testing of the automatic-opening 
belt has determined that the system is completely reliable 
and allows faster separation from the seat than does 
manual operation. It has also been determined that under 
no circumstances should the belt be manually opened 
prior to ejection, Manual opening of the belt prior to 
ejection precludes actuation of the automatic timing and 
release mechanism on the parachute and permits imme- 
diate separation from the seat upon contact with the 
airstream. If immediate separation occurs, the pilot is 
subjected to far greater deceleration forces and the wind 
shock could open the parachute pack prematurely. There- 
fore, a delay of one second is incorporated into the auto- 
matic belt release to allow a more satisfactory deceleration 
and provide wind blast protection for the parachute. 
Release of the automatic-opening belt is accomplished 
either by manual operation or by gas pressure from an 
automatically controlled initiator. The initíator supplies 
approximately 1500 psi gas pressure through a high- 
pressure hose and actuates a piston inside the belt release, 
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Figure 1-32 


separating the belt at the latch. The release incorporates 
a means of attaching a lanyard which connects the belt 
with the static line to the timer of the automatic para- 
chute. The МА-6 type belt connects the parachute release 
mechanism by inserting the safety belt tongue through 
а metal lanyard anchor. To close the МА-6, the shoulder 
harness loops must be placed on the safety belt tongue 
before the lanyard anchor. When the initiator is fired, 
the portion of the lap belt tongue holding the anchor is 
retained іп the locked position and the portion holding 
the shoulder harness loops separates to allow separation 
from the seat and actuation of the parachute release. After 
the parachute release has been actuated by any of the 
automatic belts, a preset delay of two seconds must elapse, 
then chute deployment begins if ejection was at a safe 
altitude. In the case of high altitude ejection, the aneroid 
action of the parachute release will delay deployment 
until a preselected safe altitude is reached by free falling, 
then deployment begins after а two-second delay. Auto- 
matic operation of the safety belt systems can be over- 
ridden at any time by manual operation, 
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If the automatic-opening safety belt is opened 
manually, the automatic parachute release will 
not be actuated and the parachute ripcord must 
be pulled manually. 


“ОМЕ-АМО-ТЕКО” ESCAPE SYSTEM 


A system incorporating a one-second safety belt delay and 
a zero-second parachute delay ("one-and-zero" system) 
is provided to improve low-altitude ejection seat escape 
capability. This system makes use of a detachable lanyard 
that connects the parachute Чтег knob to the parachute 
ripcord. (А sketch of the hook, figure 1-32, depicting the 
"hooked" and "unhooked" conditions is provided for 
illustrative purposes only.) Аг very low altitudes and 
airspeeds, this lanyard must be connected, thus provid- 
ing parachute actuation immediately after separation 
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from the ejection seat. At other altitudes and airspeeds, 
the lanyard must be disconnected from the ripcord, thus 
allowing the parachute timer to actuate the parachute 
below the critical parachute opening speed and below the 
parachute timer altitude setting. À ring attached to the 
parachute harness is provided for stowage of the lanyard 
hook when it is not connected to the parachute ripcord. 


Note 
See figure 3-3, Section III for the Zero Delay 
Lanyard Engagement Requirements Chart. 


EJECTION SEAT HANDGRIPS 


Raising either seat handgrip (figure 1-29) will lock the 
Shoulder harness, raise the elbow guards, and jettison 
the canopy. The linkage is such that either handgrip 
may be raised without raising the other. 


9 The canopy jettison and seat ejection system 
is safetied by a ground safety lock pin inserted 
through the right handgrip linkage. This pin 
must be removed before flight and replaced 
after flight by the pilot. Be certain the canopy 
jettison handle is in the detent position with the 
release button out when the pin is inserted to 
prevent accidentally jettisoning the canopy. 


€ The ground safety lock pin does not safety the 
canopy jettison system if the external canopy 
jettison handle is pulled. 


When either handgrip is raised to the fully up position 
(handgrips will lock їп up position exposing the seat 
catapult triggers) mechanical linkage will lock the 
Shoulder harness, raise the elbow guards and fire an 
initiator unit. The expanding gases produced are routed 
to a thruster unit which also fires to disengage the canopy 
latches; and these gases which are bypassed fire an addi- 
tional initiator unit, The resulting expanding gases are 
then routed to energize the canopy remover which will 
fire and jettison the canopy. A canopy trailing wire 
attached to the canopy fires an initiator unit and the 
expanding gases produced are routed to remove a pin, 
thus arming the seat catapult initiator. 


SEAT CATAPULT TRIGGERS 


The seat catapult triggers (figure 1-29) are located 
within the ejection seat handgrips, and are accessible only 
when the handgrips are in the fully up position. Squeez- 
ing either trigger fires an initiator. The expanding gases 
produced are routed to the seat catapult which fires the 
catapult, ejecting che seat. 


Section | 


Note 
The seat ejection system is dependent upon the 
canopy jettison system. If raising the hand- 
grips does not fire the canopy, the seat catapult 
initiator will not be armed; therefore, it can- 
not be fired by squeezing the triggers. 


SEAT VERTICAL ADJUSTMENT SWITCH 


The three-position seat vertical adjustment switch (fig- 
ure 1-29), located on the forward end of the right arm- 
rest, has positions UP, DOWN, and is spring-loaded to 
the center (OFF) position, Holding the switch to the 
desired position energizes an electric motor-driven actu- 
ator which moves the seat vertically in the direction 
selected. The seat vertical adjustment system receives 
power from the 28-volt dc nonessential bus. 


On airplanes without the survival kit, the 
oxygen lead may separate from the quick- 
disconnect fitting when the seat is adjusted to 
the fully up position, and must be checked after 
seat adjustment. 


SHOULDER-HARNESS INERTIA REEL HANDLE 


Manual control of the shoulder-harness inertia reel is 
provided by the shoulder-harness inertia reel handle 
(figure 1-29), located on the forward end of the left 
handgrip. The handle is placarded with an arrow pointing 
forward to the LOCKED position, and has overcenter 
detents which restrain it from slipping out of either 
LOCKED or aft (UNLOCKED) position. When the 
handle is in the UNLOCKED position, the reel harness 
cable will extend to allow the pilot to lean forward іп 
the cockpit. Sudden forces applied by crash landing 
impact, turbulence, or rapid maneuvers, which tend to 
rapidly separate the pilot from the seat (including for- 
ward, upward, or sideward motion), will automatically 
lock the harness reel. The reel locks within approximately 
one-half inch of cable travel. When the reel is locked in 
this manner, it will remain locked until the handle is 
moved to the LOCKED and then returned to the 
UNLOCKED position, When the handle is in the 
LOCKED position, the reel harness cable is manually 
locked so that the pilot is prevented from bending for- 
ward. The LOCKED position is used only when a crash 
landing is anticipated and provides an added safety 
precaution over and above that of the automatic reel 
lock. If the harness is automatically or manually locked 
while the pilot is leaning forward, this harness retracts 
with him as he straightens up, moving into successive 
locked positions as he moves back against the seat. To 
unlock the harness, the pilot must be able to lean back 
enough to relieve tension on the lock. Therefore, if the 
harness is locked while the pilot is leaning back hard 
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against the seat, he may not be able to unlock the har- 
ness without first loosening it slightly by using the 
adjustment buckles. 
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А preflight check of the shoulder harness inertia 
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AUXILIARY EQUIPMENT 


Information concerning the following auxiliary equip- 
ment is supplied in Section IV: Air-Conditioning and 
Pressurization System, Defogging System, Anti-Icing Sys- 
tems, Communications and Associated Electronic Equip- 
ment, Lighting Equipment, Liquid Oxygen System, 
Automatic Flight Control System, Navigation Equip- 
ment, Ármament Equipment, Fire Control System, Mis- 
cellaneous Equipment. 
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PREPARATION FOR FLIGHT 


The normal procedures in this Section have been pre- 
sented to include items to place the airplane in an alert 


status and cocked for a scramble. In order to reduce the 
resulting bulk of the pilot’s check list, the INTERIOR 
INSPECTION (ALL FLIGHTS) is arranged to include 
the alert cocking check list items so as not to sacrifice 
clarity or standardization. The airplane when cocked is 
ready for STARTING ENGINE (SCRAMBLE) with 
either external power or battery. However, external 
power is required to place the airplane in alert status 
and cocked for STARTING ENGINE (SCRAMBLE). 
All other phases of the check list remain unchanged. 


FLIGHT RESTRICTIONS 


Refer to Section V for operating restrictions and limi- 
tations. 


FLIGHT PLANNING 


Refer to the Appendix for information on required fuel, 
airspeed, thrust settings, etc. necessary to complete the 
proposed mission. 


TAKEOFF AND LANDING DATA CARD 


Complete Takeoff and Landing Data Cards in the Pilot's 
Abbreviated Check List, T.O. 1F-102A-(CL)1-1, by fol- 
lowing instructions in the Appendix. 


WEIGHT AND BALANCE 


Refer to Section V for WEIGHT LIMITATIONS. For 
detailed loading information, refer to the Handbook of 
Weight and Balance Data, T.O. 1-1B-40. Before each 
flight check the following: 


1. Takeoff and anticipated landing gross weights. 
2. Weight and balance clearance (Form 365F). 
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BEFORE EXTERIOR INSPECTION 


CANOPY HOLD BUTTON й : Do not store any luggage, papers, personal 
(LOCATED ON INTFRNAL | я y luggage, papers, pi 


effects, есс., іп any of the electronic compart- 
ments at any time. 


1, Canopy support tool — In place. 
2. Form 781 — Check. 
Check Form 781 for engineering status. 


3. Servicing — Check. 
Make certain the airplane has been serviced with 
fuel, hydraulic fluid, oxygen, air, armament and 
any special equipment required to complete the 
proposed mission, For detailed replenishing 
requirements see figure 1-33. 
4. FLIPS — Check. 
Check that flight information publications 
required for the mission, are available. 
5. Windshield — Check. 
Check that windshield delamination (marred 
windshield glass) does not extend more than two 
inches from the outer edge of the glass panels 
or one inch from sectional tension straps. If 
delamination exceeds these limits, the windshield 
should be considered unsatisfactory for flight. 


6. Upper electronics compartment doors — Secured. 


7. Canopy trailing wire — Coiled (if installed). 
Check canopy trailing wire for proper coiling. 


T 


If canopy trailing wire is not properly coiled, 
ejecting the canopy may not arm the ејесноп. 
Seat, preventing seat ejection. 


Figure 2-1 
8. Throttle — OFF. 
PREFLIGHT CHECK 79. Survival kit — Check (if installed). 
ENTRANCE а. Check pressure in emergency bailout bottle— 
1800 psi. 
Cockpit entry is accomplished from the left side of the b. Survival kit lid—Fully locked, 
airplane (figure 2-1) by use of a ladder. To open the с. Green knob assembly—Intact. 
canopy, press the external canopy release button and 4. Personal equipment bundle connection— 
manually raise the canopy. On later airplanes, the canopy Check. · 
should be raised prior to connecting external power. 10. Ejection seat safety pin—Installed, streamer visible. 
However, if external power is applied before opening, 11. Acmament safety switch —SAFE. 
the canopy can be manually raised approximately six 12, Armament selector switch — SNAKE. 
inches. It will then be necessary to reach inside and 13. Igniter control switch — TRAINING (safety- 
depress the canopy hold button to completely raise the wired). 
canopy. 14, Radar master switch — OFF. 
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exterior inspection 


STARTING AT THE FORWARD LEFT SIDE OF THE AIRPLANE, 
PERFORM THE EXTERIOR INSPECTION. AS OUTLINED ІМ THE 
TEXT. THROUGHOUT THE INSPECTION, CHECK: FOR: FLUID. 
LEAKS, SURFACE CRACKS, DISTORTIONS, LOOSE RIVETS, OR 
OTHER INDICATIONS OF DAMAGE. > 


21849 
Figure 2-2 ` 
15. Canopy jettison handle — DETENT position, EXTERIOR INSPECTION 
release button OUT. Perform the following checks in accordance with fig- 
16. RAT handle — Fully in. ure 2-2. 


17. Canopy ground maintenance safety pin—Removed. ^ 


18. Safety belt ground safety pin — Removed. 
Check that the М-12. safety belt initiator safety 


4 | pin has been removed. This pin is provided for 


A. Forward Left Side 
1. Intake duct — Condition & no loose articles. 
2. Boundary layer duct — Clear. 


use during maintenance and, if installed, main- 3. Forward electronic bay doors — Secure. 
tenance personnel should be consulted regard- 4. Rocket jump angle vane — Condition, 
ing the status of the ejection system before 
occupying the ejection seat. B. Nose 
~ 19. Battery switch — OFF. 1. Static ports — Clear. 
Q 20. Master switch — NORMAL. 2. Radome — Condition & security. 
21. Flashlight — Check (if required). 3. Glycol ring — Undamaged & general condition, 
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F. 


G. 


4. Mast and pitot tube — Security, condition, & cover 
removed. 


5. Sideslip angle transducer probe— -Free & clear*. 
Forward Right Side 
1. Forward electronic bay doors — Secure. 


2. Boundary layer duct — Clear. 
3. Intake duct — Condition & no loose articles. 


Nose Wheel Well 


1. Tire — Check. slippage, wear, cuts, and inflation. 
2. Nose gear strut — Check five to six inches 
extension. 


~ 


. Steer damper scissors pin — Removed. 


. Nose wheel steering hinge pin— Check for 
absence of lateral movement. 


~ 


5. Left-hand aft circuit breakers — In. 

6. Left-hand dust cover — Secure. 

7. Nose gear door lock — Remove (if installed). 
8. Radar ground cooling door — Secure. 

9. Battery — Secure. 
10. Right-hand forward circuit breakers — In. 
11. Right-hand dust cover — Secure. 
12. Taxi light — Condition and security. 
13. Nose door seal — Condition. 
14. Nose landing gear safety lock pin — Removed. 


Right Side 

1. Intermediate electronic bay door — Secure (punch 
marks aligned with stripe). 

2. Armament bay doors — Secuted. 

3, Position lights — Condition & security of glass. 


Ram Air Turbine Compartment 
1. RAT door — Check for free play. 


2. Primary & secondary hydraulic fluid levels — 
Check. 


3. Primary & secondary hydraulic accumulator pres- 
sure — 750 psi. 

4. Caps on reservoirs, safety pins in and clipped (if 
applicable). 

5. RAT rotor — Turns freely. 

6. RAT — Condition of blades. 

7. RAT door — Close. 


Close the RAT door by a gradual increase in 
force until click is heard (40-60 Ibs). 


8. RAT door test hook—Pull (approximately 80 Ibs). 


Pull the. RAT door test hook to check the RAT 
door for security. 


9. RAT door test hook — Remove. 


Right Main Wheel Well 
1. Circuit breakers — In. 


®$оте airplanes. 
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Emergency ac generator — Check. 

Ground static wire — Check for security. 

Chocks — In place. 

. Tire— Check slippage, wear, cuts, inflation, & 

wheel tie bolt torque marks. 

6. Brake & hydraulic lines — Check. 

7. Gear strut extension — Check five to six inches 
extension between scissors torque arm, center to 
center. 


мовою 


8. Landing gear fairing & door —Condition & 
security. 

9. Landing light — Condition & security. 

10. Gear ground safety lock pin — Removed. 

11. Combustion starter exhaust port — Clear. 

12. Oil overboard vent — Clear. 


H. Engine Access Compartment 


1. Constant-speed drive accumulator pressure — 
Check. 


2. Hydraulic & fuel leaks — Check. 
. Belicrank cable and drum — Check visually. 
4. Elevator intelligence unit — Pin flush with case. 


~ 


Моте 
Refer to OTHER OPERATIONAL LIMITA- 
TIONS, Section V, for limitations if pin is not 
flush with case. 


5. Starter and duct installation — Free of 
contamination. 


6. General condition — Check. 


Right Wing 


1. Fuel drain — Unobstructed. 
2. External tank — Check (if installed). 
Visually check fuel level. If quantity is question- 
Я able, use dip stick. Cap secured, ground safety 
lock ріп removed (if installed). 


3. Wing leading edge & tip — Condition. 
4. Position lights — Condition & security of glass. 
5. Trailing edge & elevon — Condition. 


Tail Section 

Speed brakes — Condition. 

Drag chute — Stowage & pin. 

Rudder — Condition. 

Position lights — Condition & security of glass. 
. Tailpipe & exhaust nozzles— Check. 


Check for puddles at drain lines and in the 
tailpipe as unburned fuel creates a fire hazard. 


Maur cR. rs 
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К. Left Wing 
. Trailing, edge ёс elevon — Condition. 
. Position lights — Condition & security. 


1 

2 

3. Engine oil cap access door — Secure. 

4. Wing tip & leading edge — Condition. 

5. External tank — Check fuel level, cap secured, pin 

removed. 

Visually check fuel level. If quantity is question- 
able, use dip stick. Cap secured, ground safety 
lock pin removed (i£ installed). 


G. Fuel drain — Clear, 
L. Left Main Wheel Well 


1. Chocks — In place. 

2. Landing gear fairing & door — Condition & 
security. 

3. Landing light — Condition & security. 

4. Ground static wire — Check. 

5. Tire—Check slippage, wear, cuts, inflation, & 
wheel tie bole torque marks. 

6. Brakes & hydraulic lines — Check. 

7. Gear strut extension— Check five to six inches 
extension between scissors torque arm, center to 
center, 

8. Ground safety switch — Check, 

9. Armament control panel — Check. 

10. Fuel filler cap — Secure. 

11. Engine ignition disconnect switch — ON. 

12. Combustion starter manual air valve — GROUND 

(if external air source is available). 

13. Circuit breakers — IN. 

14. High-pressure pneumatic system pressure — 3000 

psi, filler cap secure. 

15. Gear ground safety lock pin — Removed. 

16. External tank jettison warning lights — Check (if 

installed). 
Apply dc power and check that external tank 
jettison warning lights are not illuminated, then 
press-to-test lights for satisfactory operation. 
Disconnect dc power. 

17. External tank safety pin — Removed (if installed). 
If warning lights are not illuminated and are 
press-tested satisfactorily remove safety pin. 

18. Overrun barrier probe — Physically check in fully 
up and locked position. 


To prevent inadvertent actuation of the over- 
run barrier probe, do not remove the ground 
safety lock pin unless barrier probe is in the 
fully up and locked position. 
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19. Overrun barrier probe ground safety lock pin — 
Removed (if installed).* 


M. Left Side 
1. Aft electronic bay door — Secure. 


2. Armament bay doors — Secure. 


з. Emergency canopy jettison lanyard — Stowed ёс 
secure. 


4. Position lights — Condition & security of glass. 
. Ram air intakes — Covers removed & condition. 


nw 


. Liquid oxygen build-up & vent handle — 
BUILD-UP. 
7. Oxygen filler access door — Secured. 


INTERIOR CHECK (ALL FLIGHTS) 


Note 
Each of the following checks should be per- 
formed when ап external power source is avail- 
able for interior inspection. Items marked with 
the symbol À preceding the step cannot ђе per- 
formed if making the interior check with bat- 
tery power prior to battery start. These items 
(A) should be checked after battery start. 
(Refer to INTERIOR CHECK AFTER BAT- 
TERY START, this Section.) The alert cocking 
and the scramble start as presented in this check 
list are predicated on the following: The pre- 
flight and cocking procedures must be per- 
formed with external power available. The 
scramble start can be accomplished on either 
external or battery power. 


General 


1. Survival kit — Attach (if installed). 
Attach survival kit parachute attaching straps to 
parachute harness if survival kit is installed. Pull 
straps snug. Pull fastener end of straps. If slip- 
page occurs, the attachment straps are installed 
backwards. 

2. Safety belt & shoulder harness — Secure. 


a. Do not accomplish when cocking airplane. 


The force required to open the safety belt should 
not be less thàn five pounds pull nor exceed 
20 pounds pull to insure proper operation. 


* AF 57-770 © on, Є airplanes modified by ТСТО 1F-102-658, 
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Note 
The.safety belt must be fastened snugly to pre- 
vent the possibility of the ‘survival kit oxygen 
quick-discorinect from separating from the oxy- 
gen connection on the seat during negative g 


maneuvers. 


3. 


ay 


Shoulder harness handle — UNLOCKED. 
Check for freedom of movement of the shoulder 
harness. If the harness has been locked by a rapid 
pull it is necessary to cycle the shoulder harness 
inertia reel handle to LOCKED, then to 
UNLOCKED. 


Zero delay. lanyard hook — Attach (if installed). 


ТЕ "one & zero" escape system is installed, attach 
lanyard hook to ripcord. 


Emergency bailout bottle hose — Connect. 


. Persotial equipment leads — Connect. 


Personal equipment lead bundle— Strapped to 
parachute harness (if survival kit is installed). 


. External power — Connected (if available). 


When external power is connected оп some ait- 
planes*, the dc power failure warning light and 
the ac power failure warning light will illumi- 
nate and will remain on until the engine is 
started and the external power unit is discon- 
nected, 


‚ AC voltage — 105-125 volts. 


To determine that all three ac phases of the 
external power source are available for booster 
pump operation, place the voltmeter selector 
switch to PHASE A, B, and C and. note 105-125 
volts indication on each phase. 


Do not operate the fuel boost pumps if the 
voltmeter readings are not as specified. 


10. Battery switch — ON (if no external power source 
is available). 
11. Seat & rudder pedals — Adjust. 


Adjust seat vertical position by use of the ver- 
tical adjustment switch and rudder pedals by 
crank, 1 


On airplanes without the survival kit, che oxy- 
gen lead may separate at the quick-disconnect 
fitting when the seat is adjusted co the fully up 
position and must be checked after seat adjust- 
ment. 
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Left-Hand Console 


1. 


LH а circuit breakers — In. 


2. Spare lamps— Check. 
3. 
4. Mask defog — Set. ў 


Anti-g suit valve —Set. 


Tf partial pressure suit is worn, set mask defog 
as desired. 


. Fuel quantity — Check. 


Select each position on the fuel quantity selector 
switch and check fuel quantity gage for correct 
readings. 


. Fuel quantity gage test button — TEST (some 


airplanes). 
Fuel selector switch — ОРЕ (unless safety-wiredt) 


if external power is available, or ENGINE if bat- 
tery start is anticipated (some airplanes). 


Fuel. shutoff valve switches — CLOSE if external 
power is available, or OPEN if battery start is 
anticipated (other airplanes). 


. Fuel system — Check, 


à. Fuel boost pump pressure-low warning lights 
— On. 


b. Fuel boost pump — fuel shutoff valve electrical 
interlock — Satisfactoty operation** (do not 
accomplish this step if the fuel selector switch 
is safety-wired). 

(1) To determine that fuel boost pump — fuel 
shutoff valve electrical interlock is operat- 
ing satisfactorily, place the left-hand fuel 
boost pump switches ON and note that left- 
hand boost pump pressure-low warning 
light remains on. 


If the boost pump pressure-low warning light 
does not remain on, it is an indication of a mal- 
function in the electrical interlock, since the 
pumps should not operate unless the shutoff 
valves are fully open. If а malfunction exists, 
the cause should be established and corrected 
before proceeding further. 


(2) Repeat step (1) for right-hand boost pumps. 
€. Fuel boost pump switches — OFF. 


d. Fuel selector switch — ENGINE (some 
airplanes). 
Fuel shutoff valve switches — ОРЕМ (other 
airplanes). 


е. Fuel boost pumps — Check. 


ЗАР 56-1275 thru -1316, -1332 б он, 


зт АР 56-1206 Є on, Є airplanes modified by ТСТО 1F-102-651. 
На accordance with Т СТО 1F-102-686. 


© 
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(1) Observe that both boost pump pressure- 
low warning lights are illuminated, 


(2) Left-hand forward boost pump switch ON 
and check that left-hand boost pump 
pressure-low warning light extinguishes 
within five seconds. 


The warning light will normally extinguish 
within two seconds. However, if the light is still 
illuminated after five seconds, the boost pump 
switch should be turned OFF and the cause 
established and corrected before attempting to 
operate the other pumps. 


(3) Left-hand forward boost pump switch — 
OFF. Я 

(4) Repeat steps (1) through (3) for the left- 
hand aft, right-hand aft, and right-hand 
forward pumps. 


f. Left-hand aft boost pump switch — ON. 
Ас the completion of the above checks, the 
left-hand aft boost pump should be turned 
ON. Do not turn on the other boost pumps 
until the airplane generator ís on the line and 
three-phase ac has been checked. 


А 9. UHF radio — ON (if needed). 
10. Speed brakes switch — NEUTRAL. 


а. Speed brakes switch — IN (for cocking). 
. Fuel control switch — NORMAL (guard closed). 
. Oxygen system — Check as outlined in Section IV. 
(Refer to OXYGEN SYSTEM, Section IV, for 


additional information and detailed checks on the 
liquid oxygen systems.) 


Left-Hand Auxiliary Panel 
1. Landing gear handle — Down. 


2. Landing gear warning light(s) — Check. 


Check that the landing gear handle light and on 
some airplanes,* a red bar warning light is out. 
Depress landing gear warning test button and 
lights should illuminate. On airplanes with the 
red bar warning light, the audible signal should 
be heard in the radio headset. 


Do not depress the landing gear warning light 
test button and the red bar warning light at 
the same time as damage may result to the audi- 
ble signal generator. 


*Airplanes modified by TCTO 1F-102-728, 
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3. Landing gear position indicators — Wheels ог 


green lights. 


А 4. Landing & taxi lights — Check (if required). 
5. LH forward citcuit breakers — In. 
6. Cabin air switch — PRESS. 
7. Landing gear emergency extension handle — Іа 


& secure. 


8. Cabin altimeter — Check. 
9. Drag chute handle — In & secure. 
10. External tank fuel transfer switch — OFF (if 


installed). 


Instrument Panel 
1. Directional indicator (slaved) slaving switch — 


NORMAL (if installed). 


2. Clock — Set. 
3. Flight instrument—Check & Set. 


a. Directional indicator (slaved) (stabilizing). 


b. Attitude indicator—Check as follows: 
(1) Power warning flag for retraction within 
specified rime limit. 
(2) Horizon line for proper attitude and free- 
dom from oscillation (energized). 
(3) Horizon line for response to trim knob. 


If the "OFF" flag requires longer than 212 min- 
utes to retract or any oscillations are noted on 
the indicator after the "ОБЕ" flag retracts, pos- 
sibility of a malfunction exists, Either of the 
above is cause for rejection of the indicator and 
should be noted on Form 781. 


c. Vertical velocity indicator, Machmeter-airspeed 
indicator, and turn-and.slip indicator indicating 
proper static conditions. 


d. Altimeter and cockpit pressure altitude gage 
readings correspond to pressure conditions. 


The barometic setting knob can be turned so 
that the barometric disc will rotate through 
360°. If the correct altimeter setting is then” 


established, the altimeter will indicate 10,000 
feet in error. 


4. Engine бге warning test switch — FIRE, then 


OVHT. 
Place engine fire test switch to FIRE and check 


fire warning: light on steadily. Place switch to 
OVHT and check for flashing light. 
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5. Engine instrument — Check. 


Check tachometer, exhaust gas temperatute gage, 
fuel flow indicator, and pressure ratio gage all 
reading zero. 

G. Hydraulic pressure-low warning light — On. 


Right-hand Auxiliary Panet 
А 1. Thunderstorm lights — Checked, then OFF (if not 
required). 
2. Canopy unlocked warning light — On. 
3. Master warning system — Test. 


Place master warning light test switch to TEST 
and check that all lights on the warning light 
panel and the master warning light illuminate. 


Right-hand Console 
1. AC generator switch — ON; guard closed. 
2. AC bus switch — NOR; guard closed. 
3. DC generator switch — ON. х 
4. Navigation receiver — ON and check. 
5. J-4 compass — Check. 
a. Latitude — Set. 
b. Function selector switch DG. 


с. Precess compass card approximately 45°. 


Do not operate "set" switch continuously for 
more than 30 seconds to avoid overheating the 
slew motor. 


d. Function selector switch MAG, heading 
checked. 


А 6. IFF —STBY; check mode code. 
a. IFF— NORMAL (for cocking). 
7. Standby compass light — Check (if required). 
8. RH forward and aft circuit breakers — In. 


Utility Switch Panel 
1. Flight mode selector switch — DIRECT МАМ». 
2. Pitch damper switch — ОБЕ, 
Check pitch damper OFF and observe that pitch 
damper, AFCS, altitude hold, and AILAS 
switches are in che OFF positions. 
3. Nesa switch — NORMAL (some airplanes); both 
Nesa switches — ON (other airplanes). 
4. Cabin temperature contol knob — AUTOMATIC. 
Canopy defog switch — Set™~ 
6. Windshield rain clear switch — OFF (some air- 
planes); STBY (othet airplanes). < 


y 


ЗАР 53-1791 thru 55-3379 unless modified by TCTO 7Е-102А-546, 
за AF 55-3380 © on, © airplanes modified by TCTO 1F-102A-546. 
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7. Cockpit no-fog/vent suit switch — OFF 
(if installed). 
А 8. Pitot heat switch — Check, then OFF. 
а. Pitot heat switch — ОМ (for cocking). 
Have crew chief check pitot tube for heating. 
9. Anti-ice switch — OFF. 


Lighting Control Panel 


А 1. Position lights — Check (if required). 
Test position light switches for FLASH, 
STEADY, DIM, and BRIGHT (some airplanes) 
or FORMATION and, NAVIGATION (other 
airplanes). 


Note 

The anticollision lights will illuminate when the 
position light switch is placed in NAVIGA- 
TION position. Use of the anticollision lights 
on the ground shall be kept to an absolute mini- 
mum. The excessive heat created on the ground 
is detrimental to bulb life and increases mainte- 
nance problems, and during ground emergen- 
cies the operating light could confuse rescue. 
operations since emergency ground vehicles use 
a similar light. 


A 2. Cockpit lights— Check (if required), 
Check operation of cockpit lights and set rheo- 
stats as desired (OFF or ON). 


„3. Left-hand aft boost pump switch — OFF 
(for cocking). 


4. UHF radio — OFF (for cocking). 


5. External power — Disconnected (for cocking). 


BEFORE STARTING ENGINE 


An outside air source is normally utilized for starting; 
however, the stare may be accomplished by using the air- 
plane high-pressure pneumatic system by opening the 


" combustion starter manual air valve in the main wheel 


well. An external electrical power source should be con- 
nected for starting to conserve battery power. 


Note 

@ If it is necessary to start and no external ac 
power source is available, a start may be accom- 
plished by turning the boost pumps off and 
following the normal start procedure. There 
will be no indication of fuel flow, hydraulic 
pressure, or fuel quantity. Starting without ac 
power may be harmful to the engine-driven 
fuel pump because of cavitation and the result- 
ing lack of lubrication. 


© Using the battery for starting will cause a heavy 
drain of battery power. 
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@ If continuous ground operation at low rpm 
(below 80%) is required, it will be necessary to 
pressurize the hydraulic reservoirs to 50 (=5) 
psi before starting the engine in order to prevent 
cavitation of the hydraulic pumps. 


9 Before starting engine, determine that wheels 
are firmly chocked and hold wheel brakes on. 


9 Before starting engine, insure that no loose 
items of personal equipment or airplane forms 
are on instrument hood and all loose items on 
operator are secured. This is required to prevent 
ingestion of loose items into the engine as a 

` result of engine operation when the canopy is 
open. 


STARTING ENGINE 


Note 

9 Each of the following steps should be performed 
when starting engine with an external power 
source. Items marked with the symbol A pre- 
ceding the step cannot be performed if starting 
with battery. 

9 For engine starting restrictions at remote bases 
where а compressor air source is not available 
refer to HIGH PRESSURE PNEUMATIC 
CAPABILITY, Section VII. 


9 When making a battery start using the combus- 
tion starter, if the start is aborted for any reason 
and a second start is desired, it will be necessary 
to recharge the starter fuel flask prior to the 

. second start. The fuel flask will automatically 
charge if external power is supplied and the 
left-hand aft fuel boost pump is turned on. 
However, if no external power is available, 
refer to COMBUSTION 5ТАВТ-- SECOND 
ATTEMPT, Section VII. 


Note 
It is recommended, if practical, to preheat the 
starter compartment when ambient air tempera- 
ture is at 09С or below. This will thaw out any 
possible frozen condensation which may have 
accumulated in the starter overspeed switch 
mechanism since last engine shutdown. 


Before starting engine, determine that wheels 
are firmly chocked, and hold wheel brakes on. 


1. Starting air — Connected. 
Signal crew chief to connect compressed air for 
starting. 


% ў 

‘DETERMINE THAT DANGER AREAS FORE AND AFT OF THE AIRPLANE ARE 

ч авав OF. PERSONNEL, AIRCRAFT AND VEHICLES, REFER TO. FIGURE 2-37 
“СОН AT INTAKE: DUCTS 15 SUFFICIENT TO KILL OR SERIOUSLY iUi; 


PERSONNEL PULLED AGAINST OR DRAWN INTO THE DUCTS. THE DANGE 
Ё рака 
қ аў 


seu 
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Note 
If no external compressed air source is available, 
the combustion starter manual air valve should 
be placed in the AIRCRAFT position immedi- 
ately prior to starting to provide starting air. 


2. Danger areas — Clear. 
Prior to any ground start make sure that all 
ground personnel are forward of the main land- 
ing gear and outboard of either wing tip before 
moving the throttle out of the OFF position. 


Ground crew should not re-enter the wheel well 
area until the starting cycle is completed. 
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г DEFLECTOR б ROT “AVAILABLE. 
250-RET АНГОР AIRPLANE. 


` WARNING ` 
(GROUND. PERSONNEL ARE IN THE GREEN AREA 
АМ 
(w: 


PTHE МАН LAND 
THESTARTING CYL. 


Figure 2-3 


3. Throttle — START. 


Move throttle outboard to START position. 


4. Ignition button — Depress. 


Hold throttle outboard and ignition button 
depressed until an indication of rpm is evident 
on the tachometer or until positive indication of 
hydraulic pressure. This time should not exceed 
six seconds, as holding for a longer period may 
cause condensation to form on the starter 
igniter plugs and thus reduce the possibility of 
ignition. The engine is being air-motored only 
at this point. For air motoring restrictions at 
remoté bases where a compressed air source is 
not available, refer to HIGH-PRESSURE PNEU- 
MATIC CAPABILITY, Section VII. 


+ ^ ыт 


danger area 


ENGINE TURBINE WHEEL ` 
DANGER AREA 


<° ENGINE AT IDLE THRUST > 
95 MPH —— —— EXHAUST VELOCITY 


ENGINE AT MILITARY THRUST 
500 MPH == EXHAUST VELOCITY 
EXHAUST TEMPERATURE 


Once depressed the ignition button must be held 
depressed until the starting sequence is complete 
to avoid closing the starter shutoff valve and ter- 
minating ignition. If ignition button is inadvert- 
ently released, the throttle must be returned to 
OFF to shut off fuel flow to the combustion 
chambers, as starter and ignition operation can- 
not be reinstated without repeating the starting 
procedure. Do not attempt another start until 
fuel drainage has ceased and engine is visually 
checked for trapped fuel. 


Ра —— 
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5. RPM — Positive rpm or hydraulic pressure 
indication. 


Release ignition button immediately after starter ` 


light-off if an rpm reading is not evident on the 
tachometer. Do not move the throttle inboard to 
the OFF position with the ignition button 
depressed. This could result in disintegration of 
the combustion starter. No rpm reading indi- 
cates the starter failed to engage the engine. 
А maximum of two attempts should be made, 
but if still unsuccessful, the operation should be 
discontinued until the cause has been established 
and corrected. 


6. Throttle — OFF, then IDLE. 
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As soon as a definite rpm indication is noted оп 
the tachometer, move throttle inboard to the 


OFF position, then to IDLE, 


If starter ignition is not heard almost immedi- 
ately or if a rapid increase in engine cpm is not 
noted, the start should be aborted immediately 
in accordance with the above procedure, 


A 7. Fuel flow — Check indication. 


8. Exhaust gas temperature gage — Shows increase. 


During a satisfactory start, a lightup occurs 
within 20 seconds after throttle is advanced to 
IDLE. Lightup can be noted by an indication of 


exhaust gas temperature. 
9. Oil i 


mately 30% rpm; at least by idle грип): 
pes —— SR 
10. Ignition button — Release at 33% rpm. 


ө If the engine does not light up when 33% rpm 
has been reached, or within 20 seconds after 
throttle is advanced to IDLE, the start,should be 
aborted. If engine rpm of less than 25% is 
obtained, this indicates possible starter malfunc- 
tion. Abort start and have malfunction corrected 
prior to attempting another start, The starter 
may be stopped at any time by releasing the 
ignition button located ón the throttle, Shut 
down the engine by using (һе UINSUCCESS- 
FUL START procedure, this Section. 


ight — Out (approxi- 


9 Ignition operation is limited to three minutes of 
continuous operation to prevent overheating 
and subsequent damage to the ignition unit. 


11. Exhaust gas temperature — Stabilized. 


Check that exhaust gas temperature rises nor- 


mally and is within limits. 


A possible hot start can be anticipated by 
observing a rapid increase to 5009С and tem- 
perature 18 still rising. When a hot start occurs, 
record on Form 781 the maximurn exhaust tem- 
perature reached and the duration the exhaust 
temperature exceeded engine operating limits 
shown in figure 5-2. 


12. Idle rpm —55 to 65% — Check. 


Check that engine accelerates to idle rpm 


(approximately 55 to 65% rpm). 


Note 
Starter will automatically cut out at approxi- 
mately 35% rpm by means of a centrifugal 
switch or when the ignition button is released. 


15. Engine fuel pump failure warning light — Off. 


© If the engine fuel pump failure light comes on, 
shut down the engine, The light will indicate 
that the engine stage of the fuel pump has failed 
and the afterburner stage of the fuel pump is 
supplying fuel to the engine fuel system. Investi- 
gate cause of light indication. 


@ If airplane pneumatic system air was used in 
starting, the combustion starter manual air valve 
must be returned to GROUND position after 
start is completed to prevent loss of pneumatic 
pressure through leakage and to prevent actua- 
tion and possible disintegration of the starter in 
the event that an air start becomes necessary. 


А14. LH aft fuel boost pump switch — OFF. 
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Fuel boost pumps should Бе turned OFF prior 
to disconnecting external power and should 
remain off until all phases of the airplane's ac 
voltage have checked satisfactorily. 


15. UHF radio — OFF. 


А 16. Compressed air and external power — 


Disconnected. 


17. Throttle — 80%. 
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Throttle must be advanced to 80% momentarily 
to insure thát the hydraulic reservoirs are pres- 
surized to 50 (+5) psi as required to prevent 
pump cavitation, As an alternative, pressure 
from an external source can be used to pres- 
surize reservoirs before starting engine. If the 
engine must be operated at low rpm for an 
extended períod of time, the throttle should 
momentarily be advanced to 80% at approxi, 
mately five-minute intervals, 


UNSUCCESSFUL START 
1. Throttle — OFF. 
Throttle should be placed in OFF position to 
shut off fuel flow to the engine and reduce the 
possibility of fire. 
2. Check for fire. 


Check instruments and have crew chief check 
for visible evidence of fire. 


Note 

Investigate cause of the unsuccessful start. Do 
not attempt another start until cause has been 
determined and corrected. If it is determined 
another start can be made, wait 30 seconds for 
fuel drainage before attempting another start. 
Have engine visually checked for trapped fuel. 
Check for zero rpm before re-starting. 


HUNG START OR SLOW START 


А hung start is indicated by failure of rpm to increase 
after lightup with exhaust temperature remaining within 
limits. А slow start is similar to a hung start and is évi- 
denced by a slow but continuous acceleration of rpm to 
idle after lightup. When a hung start or slow start is 
experiencéd, proceed as follows: 

1. Tachometer—Between 25 and 55% rpm. 

2. Fuel control switch-EMERGENCY. 


Do not place fuel control switch to EMER- 
GENCY if engine rpm із below 25%. This could 
introduce an excess of fuel into the engine and 
cause exhaust gas temperature to exceed limits. 
Tt may be necessary to advance the throttle 
slightly past IDLE while in EMERGENCY to 
obtain IDLE rpm of 55 to 65%. 


3. Fuel control switch — NORMAL at 55 to 65% 
rpm. 
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CLEARING ENGINE 


1. Compressed ait — Connected. 
If no external compressed air source is avail- 
able, the combustion starter manual air valve 
should be in AIRCRAFT position to provide air 
for clearing. 

2. Engine ignition disconnect switch — OFF. 
Have crew chief place the engine ignition dis- 


connect switch in the left-hand main wheel well 
' to OFF. 


3, Throttle — OFF. 


4. Fuel selector switch — ENGINE (some airplanes). 
Fuel shutoff valve switches — OPEN (other 
airplanes). 

Both fuel valves should be open unless internal 
engine fire is suspected. This permits lubrication 
of the fuel control unit. 


5. Throttle — START. 
6. Ignition button — Depress and hold. 
7. RPM — Check positive indication. 


" 
Release ignition button immediately if an rpm 
reading is not evident on the tachometer. Do 
not move the throttle inboard to the OFF рові- 
tion with the ignition button depressed. This 
could result in disintegration of the combustion 
starter. INo rpm reading indicates the starter 
failed to engage the engine. А maximum of two 
attempts should be made, but if still unsuccess- 
ful, the operation should be discontinued until 
the cause has been established and corrected. 


B. Throttle — OFF; insure that engine clears, 
Position throttle inboard to OFF while holding 
the ignition button depressed to energize the 
starter. Hold ignition button depressed until 
combustion starter has completed its cycle. 


The following cooling periods must be observed 
to prevent damage to the starter from over- 
heating: 


а. А second start may be attempted any time after 
returning the throttle to OFF for approximately 
15 seconds. ЭЭ 


А second start within а 15-minute period is con^ 
sidered a double start. A double ‘start shall be 
followed. by a one-hour cooling period before 
the next start. 
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с. А second start between 15 and 40 minutes from 
the first shall be followed by a 40-minute cool- 
ing period before the next start is attempted. 


d. Any start after a prescribed cooling period or 40 
minutes after a first stárt shall be considered as 
à first start. 


E Ignition button — Release. 


After engine clears, release ignition button. Have 
crew chief place the combustion starter manual 
air valve to GROUND if airplane compressed 
air was required for clearing. 


ENGINE GROUND OPERATION 


Engine warmup is not required under normal conditions. 
After the engine stabilizes at idle, it may be operated at 
full thrust; however, cooling limitations (ground opera- 
tion) must not be exceeded. 


"AUTION 
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© Insufficient tire traction requires the use of ап 
airplane restraining bridle when using after- 
burner on the ground. 


© If the throttle is inadvertently retarded to OFF, 
a flameout occurs immediately. Do not reopen 
throttle, as relight is impossible and resultant 
flow of unburned fuel into the engine creates a 
fire hazard. 


BEFORE TAXIING 
ELECTRICAL POWER SUPPLY SYSTEM 


DC System 


1. DC generator output — Check. 
After external power has been disconnected, 
check that dc operated equipment or lights are 
operating from the dc generator and that dc 
power failure light is out. The dc generator 
should be operating when engine speed is above 
approximately 30% rpm. 

2. Battery switch — ON. 

3. DC generator switch — OFF. 

4. Battery output — Check. 
Check that dc operated equipment or lights are 
operating and that dc power failure light is 
illuminated. 


5. DC generator switch — ON. 


AC System 


1. АС voltage (all phases) — 105-125 volts. 
То check operation of main ac generator, the ac 
bus switch should be in NOR position. All posi- 
tions of the ac voltmeter selector switch should 
give the same voltmeter readings in 105-125- 
volt range except that the 26v position should 
read above 0 but not over 50 volts. 


2. AC generator switch-OFF. 
3. АС bus switch—EMER (some airplanes); RESET, 
then ON (other airplanes); 103-140 volts. 


Check operation of emergency ac generator. АП 
positions of the ac voltmeter selector switch 
should give voltmeter readings of 103-140 volts 
except that the 26v position should read above 
0 but not over 50 volts. 


4. AC bus switch-NOR. 
5., AC generator switch—RESET, then ON. 
6. Transformer-rectifier—Check (some airplanes*). 


Determine that the transformer-rectifier is opeta- 
tive and providing dc power to the emergency dc 
bus as follows: 


* Airplanes modified by ТСТО 1F-102-727. 
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a. АС generator switch — ОЕР. 
Placing the ac generator switch to OFF, pre- 
vents premature energizing of (һе emergency 
dc bus by the transformer-rectifier, 


b. DC generator switch — OFF. 
With the dc generator OFF, the dc nonessen- 
tial bus and the emergency dc bus are discon- 
nected from the dc essential bus. Check that 
the battery is functioning. 

€. АС bus switch — EMER (check for 0 volts). 
With the ac bus switch in EMER, (do not hit 
the RESET position) check for 0 volts. If ac 
power is available, a.malfunction is indicated. 

d. AC bus switch — RESET, then EMER. 
АЙ positions of the ac voltmeter selector 
switch should give voltmeter readings of 103- 
140 volts except that the 26v position should 
read above 0 but not over 50 volts. 


Note 

Emergency ac control is powered by the етег- 
gency dc bus but is reset by dc power from the 
essential dc bus. Once reset, the emergency ac 
generator continues to power the emergency dc 
bus through the transformer-rectifier, and the 
emergency dc bus becomes self sustaining. Fail- 
ure to reset indicates a malfunction. 


е. АС bus switch — NOR (voltage should be 0). 


f. Battery switch — TR FAIL. 
The TR FAIL position reconnects the emer- 
gency dc bus to the dc essential bus. 


8. AC депегасог switch—RESET, then ON. Check 
105-125 volts. 


Note 
AC power control and reset are powered by the 
emergency dc bus. If the TR FAIL position of 
the battery switch does not reconnect the emer- 
gency dc bus to the dc essential bus, the main 
ac generator will not reset. 


h. Battery switch — ON. 
i. DC generator switch — RESET then ON. 


7. Fuel boost pump switches—ON (if external power 
source was used for start). 

Fuel boost pumps should be turnéd ON, one at 
a time allowing five seconds for each pump to 
start, when a successful check of all phases of 
ac voltage has been completed after starting with 
external power. If battery start was made, boost 
pumps should not be turned ON until after com- 
pletion of INTERIOR CHECK AFTER ВАТ- 
ТЕКҮ START. 


8. Radar master switch-STBY. 
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INTERIOR CHECK AFTER BATTERY START 


Except for the following items, the interior check should 
have been completed prior to starting engine. Starting at 
the left-hand console, perform the following checks: 


1. Fuel quantity — Check. 


Select each position on the fuel quantity gage, 


selector switch and check fuel quantity gage for 
correct indications. 


2. Fuel quantity gage test button — TEST. 
Depress fuel quantity gage test button; check 
gage for decrease. 


3. Fuel boost pump pressure-low warning lights — 


4. Fuel boost pump — Fuel shutoff valve electrical 
interlock — Satisfactory operation (do not accom- 
plish this step if the fuel selector switch is safety- 
wired**), 

a. Fuel selector switch —R (some airplanes). 
Rotate the fuel selector switch to R in order to 
close the left-hand fuel shutoff valve. 

Left-hand fuel shutoff valve switch — CLOSE 
(other airplanes). 

b. Left-hand fuel boost pump switches — ON; 
left-hand boost pressure-low warning light 
remains on. 


If the boost pressure-low warning light does 
not remain on, it is an indication of a malfunc- 
tion in the electrical intetlock, since the pumps 
should not operate unless the shutoff valve is 
fully open. If a malfunction exists, the cause 
should be established and corrected before pro- 
ceeding further. 


c. Fuel selector switch —L (some airplanes). 
Rotate the fuel selector switch through 
ENGINE to L position in order to close the 
right-hand fuel shutoff valve. 

Left-hand fuel shutoff valve switch — OPEN 
(other airplanes). 
Right-hand fuel shutoff valve switch — CLOSE 
(other airplanes). 

d. Repeat step "b" above for the right-hand 

boost pumps and pressure-low warning light. 


5. Fuel boost pump switches — OFF. 


G. Fuel selector switch — ENGINE (some airplanes). 
Fuel shutoff valve switches — OPEN (other 
airplanes). 

SAF 56-1206 & on, Є airplanes modified by ТСТО 1Е-102-651. 
зім accordance with ТСТӨ 1F-102-686. 


о Со 
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7. Fuel boost pumps — Check. 


a. Observe that both boost pressure-low warning 
lights are illuminated. 

b. Left-hand forward boost pump switch ON and 
check that left-hand boost pressure-low warning 
light extinguishes withiri five seconds. 


The warning light will normally extinguish 
within two seconds. However, if the light is still 
illuminated after five seconds, the boost pump 
switch should be turned OFF and the cause 
established and corrected before attempting to 
operate other pumps. 


€. Left-hand forward boost pump switch — OFF. 
d. Repeat steps "a" through "c" for the left-hand 
aft, right-hand forward and right-hand aft 
boost pumps. 
8. Boost pump switches — ON. 


The boost pump switches should be turned оп” 


one at a time allowing approximately five 
seconds for each pump to start. 


9. UHE radio — ON. 
10. Landing & taxi lights — Climatic. 
11. Thunderstorm lights — Climatic. 
12. Navigation receiver — ОМ and check. 
13. J-4 compass — Check. 
a. Latitude set. 
b. Function selector switch — DG. 


с. Precess compass card approximately 45°. 


Do not operate "set" switch continuously for 
more than 30 seconds to avoid overheating the 
slew motor. 


d. Function selector switch — MAG, heading 

checked. 

14. IFF — STBY; check mode code. 

15. Pitot heat switch — Check, then OFF. 

16. Position lights — Climatic. 
Test position light switches for FLASH, 
STEADY, DIM, and BRIGHT (some airplanes) 
or FORMATION and NAVIGATION (other 
airplanes). 


Note 
The anticollision lights will illuminate when the 
position lights switch is placed in NAVIGA- 
TION position. Use of the anticollision lights 


Section | 


on the ground shall be kept to an absolute min- 
imum. The excessive heat created on the ground 
is detrimental to bulb life and increases mainte- 
nance problems, and during ground emergencies 
the operating light could confuse rescue opera- 
tions since emergency ground vehicles use a sim- 
ilar light. 


17. Cockpit lights — Climatic. 
Check operation of cockpit lights and set rheo- 
stats as desired (OFF or ON). 


HYDRAULIC AND FLIGHT CONTROL SYSTEMS 
CHECK 


Rapid and abrupt movement of the control stick 
should be avoided because of the possibility of 
damage to system components. 


1. Throttle — IDLE. 
2. Speed brakes switch — IN, then center (neutral) 
position. 
Retract speed brakes and check with crew chief 
for proper speed brake operation. Secondary 


hydraulic system pressure may drop momentarily 
but must return to normal within two seconds. 


3. Pitch and yaw dampers — Engage. 

4. Flight control surface movement — Check. 
Check rudder surface movement. Then, with the 
stick in the fully aft position, check elevon sur- 
faces for proper movement (aileron as well as 
elevator position). 


Note 
During the above check there may be jerky 
rudder pedal motions caused by the turn 
coordinator. This is a normal condition. 


5. Hydraulic system recovery (primary and secon- 
dary) — . Check. 

With the hydraulic pressure selector switch in 
the PRI position, check primary hydraulic sys- 
tem pressure for 2950 (+100) psi. Check opera- 
tion of the primary hydraulic system by moving 
the contro! stick from any corner to the diag- 
onally opposite corner in approximately three 
seconds. If system pressure drops, the hydraulic 
pressure must return to system pressure within 
two seconds, or less, after control stick move- 
ment has stopped. Then place the hydraulic 
pressure selector switch in the SEC position and 
repeat the above procedures for a check on the 
secondary hydraulic system. 


6. Momentary interrupt trigger — Depress. 
Note that AFCS disengages. 
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7. Emergency damper disconnect button — Depress. 1. Ejection seat safety pin — Remove. 
Check that pitch and yaw dampers. disengage. Remove ground safety lock pin from right arm 
8. Trim — Check and set for takeoff trim. rest and stow. If pin is not visible, ascertain that ж 
Trim nose-down, right wing down, and right the pin streamer has пог dropped down beside e 
rudder; then depress takeoff trim button. Con- the seat or become disconnected from the pin. 
trol surfaces should return to neutral. Takeoff 2. Canopy support tool — Remove. 
trim light should illuminate. 3. Canopy — Close, and lock. 
4. Canopy warning light — Ош. 
GENERAL ; р de ara 
| Check canopy warning light out indicating 
In addition to the above checks, observe the following latches are fully engaged. 


instructions before taxiing: 


If the canopy is open during tàxi operations, 
observe canopy limit speeds. The canopy hold- 


IFF master switch — As desired. 
Radar master switch — As desired. О 
Anti-ice switch — AUTOMATIC. 
Radio са! — Accomplished. 
Obtain taxi-takeoff instructions and set altim- 


ром» 


егег. 
open rod must Бе used on airplanes which do Вагі ç $ ü 
not have a canopy hold button. Keep hands 9. Engine р Би айо gage — set. 7 
away from canopy sill unless the canopy support Сћеск outside air temperature and set engine 
tool is in place. pressure ratio gage to indicate takeoff limits. . 


TAKEOFF CHECK ТАВЕ---157-Р-23 ENGINE 


PRESSURE RATIO 
SETTING 


- WARNING. 


SATHE FINAL MOVEMENT (1 TO 2 INCHES) OF CLOSING THE CANOPY 
--RAPID AND IT IS сіхснер DOWN WITH CONSIDERABLE FORCE; THEREFO 
> CARE, SHOULD:BE. TAKEN: THAT THE AREA BENEATH THE CANOPY 15 Ci 
To PREVENT PERSONAL INURY:OR DAMAGE JOFQUIRMENT, 

a а 


216 
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КОТЕ А .. 
MINIMUM GROUND: CLEARANCE 51531291 18805311 
NOSE. BOOM 4 EI М 
| LOWEST POINT OF WINGS — 4 FRET 6 INCHES A AX 1553-1812 коон 
| NAM LANDING GEAR DOORS 100 2 


, EXTERNAL FUEL ТАНКУ Т FOOT 6 INCHES 


RADBUS: aes 
тої 


RADIUS: зей 
185". 


mä М m: 
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Figure 2-4 
10. Armament reset switch — Actuated by crew chief 3. External power — Connected or Battery switch — 
(airplanes with missiles aboard). ON. 
Have crew chief actuate the armament reset 4. Throttle— START. 
Q Switch and obtain illumination of the armament 5. Ignition button — Depress. 
reset light to insure that the armament system 6. RPM — Positive indication. 
is ready for operation and that snubbing pres- 
E sure is being applied to the missile bay area. 7. Throttle — OFF, then IDLE. 
j 11. Chocks — Removed. А 8. Fuel flow — Check indication. | 
Signal crew chief to remove wheel chocks. 2. Exhaust Баз temp erature gage — Shows increases 
10. Oil pressure-low warning light — ОЁ (approxi- 


mately 30% rpm; at least by idle rpm). 


| a. STARTING ENGINE (SCRAMBLE) 11. Ignition button — Release at 33% rpm. 
~ 1. Starting air — Connected. 12. All personal equipment — Attach. 
й 2. Danger areas — Clear. 13. Canopy support tool — Remove. 
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14. Exhaust temperature — Stabilized. 
15. Idle rpm — 55 to 65% rpm. 
16. Engine fuel pump failure warning light — Off. 
‚ А17. LH aft fuel boost pump — OFF. 
18. UHF radio — OFF. 
19. Compressed air and external power— 
Disconnected. 
20. Throttle — 80%. 


BEFORE TAXIING (SCRAMBLE) 
ELECTRICAL POWER SUPPLY SYSTEM 


DC System 
1. DC generator output — Check. 
2. Battery switch — ON. 
3. DC generator — OFF. 
4. Battery output — Check. 
5. DC generator — ON. 
AC System 


1. AC voltage (all phases) — 105-125 volts. 

2. AC generator switch — OFF. 

3. AC bus switch — EMER (some airplanes); RESET, 
then ON (other airplanes); 103-140 volts. 

4. AC bus switch — NOR. 

5. AC generator switch — Reset then ON. 

6. Transformer-rectifier — Check (some airplanes*). 
а. AC generator switch — OFF. 


b. DC generator switch — OFF. 

€. AC bus switch — EMER. (check for 0 volts). 
d. AC bus switch — RESET then EMER. 

е. AC bus switch — NOR (voltage should be 0). 
f. Battery switch —TR FAIL. 


в. AC generator switch — RESET then ON. Check 
105-125 volts. 


h. Battery switch — ON. 
i. DC generator switch — RESET then ON. 


7. Fuel boost pump switches — ОМ (if external 
power source was used for start). 


8. Radar master switch —W ARM. 


INTERIOR CHECK AFTER BATTERY START 
(SCRAMBLE) 


1. Fuel boost pumps — Check, then ON. 
2. ОНЕ radio — ON. E 


HYDRAULIC POWER SUPPLY SYSTEM 
1. Throttle — IDLE. 
2. Flight controls — Check. 

Airplanes modfied by ТСТО 1F-102-727. 
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3. Hydraulic system recovery — Check. 
4. Trim — Check and set for takeoff. 


GENERAL (SCRAMBLE) 

1. Ejection seat safety pin — Remove. 
. Canopy — Close aad lock. 
. Canopy warning light — Out. 
. Radar master switch — Аз desired. 
- Radio cal! — Accomplished. 
. Engine pressure ratio — Set. 


. Armament reset switch — Actuated by crew chief 
(airplanes with missiles aboard). 


8. Chocks — Removed. 


ч сум Rw м 


TAXIING 


If airplane is to be operated on the ground 
under possible conditions of carbon monoxide 
contamination, such as taxiing directly behind 
another operating jet airplane, or during opera- 
tion with tail into wind, use oxygen with regu- 
lator diluter lever at 100% OXYGEN (some 
airplanes) or ON (other airplanes). 


Тһе taxiing and ground handling qualities of the airplane 
are normal and require no special techniques. There may 
be a slight delay in the braking between the pedal release 
and braking action release. Idle thrust is sufficient for all 
taxi operations under most conditions on concrete except 
initial movement from standstill; fuel consumption at idle 
thrust setting is approximately 840 pounds per hour. Nose 
wheel steering is not difficult but slightly higher rudder 
forces are noticeable which, while tending to keep the air- 
plane aligned down the runway, cause the airplane to 
straighten more quickly than first expected during recov- 
ery from a turn. Initial reaction to this effect results in a 
“snaking” motion of short duration. 


Note 
Beyond 50 degrees left or right from center, or 
when airplane weight is off the gear, nose wheel 
steering is inoperative and the steering button 
will be keying the microphone. 


Visibility during taxiing is very good except that vision 
to the rear is blocked through an arc of approximately 
60 degrees; the wing tip and approximately one foot of 
the elevon can be seen. The following checks should be 
accomplished during taxi: 


1. Nose wheel steering and brakes — Check. 
Engage nose wheel steering, commence taxiing 
and maintain directional control by operating 
rudder pedals as required. While rolling 
straight, release nose wheel steering and check 
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the brakes individually, noting that nose wheel 
steering disengages. See figure 2-4 for Minimum 
Turning Radius. 


Excessive pressure on the rudder pedals with 
nose wheel steering engaged and the airplane 
not in motion may cause damage to steering 
mechanism. 


( ) 2. Flight instruments — Check & set. 

3. Navigation equipment — Check. 
Check operation of navigation equipment and 
directional indicator (slaved) for indicator 
changes during taxiing. 


BEFORE TAKEOFF 


PREFLIGHT AIRPLANE CHECK 
1. Warning lights — Out. 
2. 'Takeoff trim — Set. 


Q 3. Flight controls — Checked & free. 

у Check rudder surface movement. Then, with the 
stick in che fully aft position, check elevon sur- 
faces for proper movement (aileron as well as 


elevator position). 
4. Safety belt — Fitted snugly. 
| 5. Zero delay lanyard hook—Attached (if installed). 


6. Shoulder harness inertia reel handle — 
UNLOCKED. 


Q 7. Cockpit no-fog vent suit switch — ОМ 
(if installed). 
Cabin temperature control knob — AUTOMATIC, 
midway or hotter (airplanes without cockpit no-fog 
vent suit switch). 


Excessive moisture condensation may occur 

through the cabin pressurization system. This 

Q condensation may become so dense when oper- 

ating in conditions of high dew point tempera- 

ture as to make it impossible to read the 

instrument panel presentation. On airplanes 

| that do not have а cockpit no-fog vent suit 

switch, the temperature control knob should be 

: placed to the hottest level possible that permits 
comfort and stil! prevents fog formation. 


8. Pitot heat — As required. 


Taxi into takeoff position, center nose wheel, and hold 
wheel brakes. 
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In order to insure that nose wheel steering is 
engaged for takeoff, the steering should be used 
to line up and should not be disengaged until 
the rudder becomes effective on the takeoff roll. 


PREFLIGHT ENGINE CHECK 


Fuel Control Emergency System Check 


1. Throttle — IDLE. 

2. Fuel control switch — ЕМЕВ. 

3. Emergency fuel control warning light — On. 

4. Fuel flow 750 pph minimum; 1050 pph maximum. 


Check fuel through the emergency system with 
the engine at idle rpm. 
5. Fuel control switch — NORMAL (guard closed). 
6. Emergency fuel control warning light — Out. 


Thrust Check 
When ready to roll accomplish the following checks: 


1. Throttle — TAKEOFF (some airplanes) or FULL 
MIL POWER (other airplanes). 

If a takeoff lock trigger is installed, advance 
throttle to TAKEOFF, On airplanes not 
equipped with a takeoff lock trigger, advance to 
FULL MIL POWER. 

2. Engine instruments — Check." 
Check tachometer, exhaust gas temperature gage, 
fuel flow indicator, and engine pressure ratio 
gage for normal operating limits. 


Note 
Engine rpm will vary for individual engines for 
military thrust. The rpm for takeoff should be 
in relation to the rated rpm as specified on 
the engine data plate. Engine rpm will be less 
when obtaining military thrust with tempera- 
tures below standard. 


ТЕ excessive moisture condensation occurs during 
takeoff, place the cabin air switch to the RAM 
position, Return to the PRESS position after 
becoming airborne and above apptoximately 
3000 feet. 


TAKEOFF 


NORMAL TAKEOFF 


А typical takeoff is illustrated in figure 2-5. Refer to 
Appendix for takeoff charts showing distances required 
at varying gross weights, temperatures, and field eleva- 
tions. Use the following procedures for normal takeoff: 


2-19 


тө ----- 


Section || 


T.O. 1F-102A-1 


/| 


© THROTTLE TO TAKEOFF 

© ENGINE INSTRUMENTS CHECKED 

© BRAKES RELEASED 

© NOSE WHEEL STEERING CHECKED 

© THROTTLE TO AFTERBURNER (IF DESIRED) 


MAINTAIN DIRECTIONAL CONTROL WITH NOSE WHEEL STEER- 
ING UNTIL RUDDER BECOMES EFFECTIVE AT APPROXIMATELY 
80 KNOTS IAS. 


А 
» 


ій й 
d 


LIFT NOSE WHEEL OFF AT APPROXIMATELY 125 KNOTS IAS. 


CAUTION 


WITH AFTERBURNER THRUST CARE MUST ВЕ EXERCISED ТО 
PREVENT EXCEEDING GEAR LIMIT SPEEDS. 


CAUTION 
ANGLE OF ATTACK MUST BE KEPT UNDER 18° TO PREVENT 
SCRAPING THE TAIL 


21854 


OTE 
REFER TO APPENDIX FOR TAKEOFF CHARTS, 


Ae 
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1. Throttle — TAKEOFF. 


2. Engine instruments — Check. 
Check tachometer, exhaust gas temperature gage, 
fuel flow indicator, and engine pressure ratio 
gage for normal operating limits. 


3. Brakes — Release. 
Release brakes and establish a straight takeoff 


roll. 


4. Nose wheel steering — Check. 
Move rudder pedals until it is ascertained that 
nose wheel steering is engaged. 


Because of the initial rapid acceleration, it is 
important that nose wheel steering be engaged 
and the nose wheel centered prior to starting 
takeoff roll. 


5. Throttle — AFTERBURNER (if desired). 


Takeoff should be aborted immediately if any 
directional change is noted when the after- 
burner is ignited. A directional change at this 
time could indicate possible afterburner nozzle 
malfunction which could cause side forces to 
be applied to the extent that rudder would be 
insufficient to control the airplane immediately 
after leaving the ground. 


Maintain directional control with nose wheel steering 
until the rudder becomes effective at approximately 80 
KIAS. Beginning at 125 KIAS, raise the nose to the 
horizon with maximum thrust, or slightly below the 
horizon with military thrust, and allow the airplane to 
fly off the ground. Lower angles of attack will result in 
higher speed, longer run takeoffs. Higher angles of attack 
will result in lower airspeeds, and lower rates of climb 
immediately following takeoff. Do not ргетасигеју raise 
the nose during takeoff as increased angle of attack at low 
speeds will result in excessive ground roll during takeoff. 


@ Angle of attack must be kept under 18° to рге- 
vent scraping the tail. 

е With afterburner thrust, care must be exercised 
to prevent exceeding gear limit speeds before 
landing gear is fully retracted. 


If ЕСТ із increasing, without engine acceleration, so as 
to exceed allowable limits, reduce thrust to maintain 


КҮРТ 
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К] PREVENT, AIRLOADS FROM INFLICTING. STRUCTURAL DAMAGE, THE? . 
й ING | SHOULD BE UP AND LOCKED BEFORE LIMIT SPEED. 


temperature within limits. Monitor tachometer. Any 
engine speed in excess of maximum rpm limits should be 
noted on Form 781. 


Note 

In maximum thrust takeoffs, the altimeter may 
lag or even indicate a decrease in altitude just 
before breaking ground and during the initial 
climbout, This altimeter error is the result of 
disturbed pressure ahead of the airplane due to 
acceleration and high angle of attack. The altim- 
eter will indicate correctly after the airplane 
reaches approximately 300 feet of altitude. 


MILITARY THRUST TAKEOFF 

If a takeoff is to be made without use of the afterburner, 
normal takeoff procedures should be utilized up to the 
point of breaking ground. Due to the possibility of 
increasing drag excessively by a high angle of attack 
immediately after takeoff, the nose should be raised to a 
point just below the horizon and the airplane allowed to 
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fly off. After breaking ground, the airplane should be 
allowed to accelerate until certain theairplane will remain 
airborne before retracting the landing gear. 


MINIMUM RUN TAKEOFF 


A minimum run takeoff can be accomplished by using the 
normal takeoff procedures and engaging afterburner as 
soon as possible after brake release. 


Angle of attack must be kept under 18? to 
prevent scraping the tail. 


CROSS-WIND TAKEOFF 


Cross-wind takeoffs present no particular problems in 
this airplane. Іп addition to the Takeoff Distances and 
Speeds Charts, check the Takeoff and Landing Cross- 
wind Chart in the Appendix to determine the cross-wind 
component and best nose wheel lift-off speed. After lift- 
off, establish the crab angle necessary to maintain the 
desired flight path. 


AFTER TAKEOFF — CLIMB 


Note 
There are no provisions for automatic transfer 
from normal to emergency fuel flow within 
the fuel control unit. 


When airplane is definitely airborne: 
1. Landing gear handle — Up. 


Note 
Exercise care not to knock the throttle aft and 
out of AFTERBURNER position when retract- 
ing the landing gear. 


2. Gear checked — Up. 
Check that landing gear position indicators indi- 
cate gear up and landing gear warning light off. 
3. EGT — Monitor. 


If ЕСТ exceeds the limits shown in figure 5-2, 
reduce thrust and increase airspeed. Abort the 
mission and land as soon as practicable. Make 
an entry on Form 781 indicating time and tem- 
perature peaks of overtemperature operation. 


4. Takeoff locks— Release before 7000 feet (if 
installed). 


2-22 


Т.О. 1Ғ-102А-1 


То release the takeoff locks in the fuel control 
unit, retard the throttle aft of ТАКЕОЕЕ posi- 
tion before reaching an altitude of 7000 feet, 
flight conditions permitting. 


Note 
On later airplanes, without the fuel control take- 
off locks incorporated, it is not necessary to 
retard the throttle out of TAKEOFF when 
climbing above 7000 feet. 


5. Oxygen — Check. 
If 100% OXYGEN was used for takeoff and 
partial pressure suit is not worn, return oxygen 
regulator diluter lever to NORMAL OXYGEN, 
unless carbon monoxide contamination is sus- 
pected. If such is the case, continue use of 100% 
oxygen as long as considered necessary. 


WARNING 


T 


On airplanes not equipped with a survival kit, 
oxygen regulator diluter lever must be returned 
to NORMAL OXYGEN as soon as possible to 
prevent premature depletion of the oxygen sup- 
ply unless it is determined that the supply is 
adequate for the duration of the flight. 


6. Zero delay lanyard hook — Detach and stow (if 
installed). 

If “опе & zero" escape system is installed, detach 
zero delay lanyard hook from ripcord after 
reaching 2000 feet above terrain in accordance 
with limitations established in the Zero Delay 
Lanyard Engagement Requirements Chart (fig- 
ure 3-3) and stow on parachute harness. For 
minimum ejection altitudes, see the Emergency 
Minimum Ejection Altitude Table, figure 3-4. 

7. Damper systems — Engage. 


Initial engagement of the pitch damper should 
be avoided at less than 5000 feet above the ter- 
rain. This altitude will provide adequate ground 
clearance in the event of any phasing errors that 
could. occur during the initial engagement. 


8. External tank fuel transfer switch — ОМ, when 
internal fuel quantity indicates 5500 pounds or 
less. 

9. Cockpit no-fog vent suit switch — OFF 
(if installed). 

Place cockpit no-fog vent suit switch to OFF to 
return temperature control to the automatic tem- 
perature controller. 
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10. IFF — Checked. 


ЈЕ positive operation of the normal mode of IFF 
has not been established during departure with 
an air traffic facility, a check should be made 
with such a facility as soon after takeoff as flight 
conditions will permit. This check must be made 
prior to entering a radar advisory area. If IFF 
is inoperative consult the appropriate navigation 
publications. 


11. Altimerer — Reset to 29.92 (above 23,500 feet). 


CLIMB 


The recommended climb speeds as given in the Appendix 
should be followed. 


CRUISE 
Note 

ө During operation in high humidity conditions 
(ground dew point 20°С or higher) operate 
canopy defog continuously at altitude in order 
to insure fog-free canopy during descent. For 
less severe humidity conditions, canopy defog 
need not be turned on until just before descent. 

€ If ЕСТ is increasing, without engine accelera- 
tion, so as to exceed allowable limits, reduce 
thrust to remain within limits. 


Refer to Appendix for recommended cruise procedures. 


FLIGHT CHARACTERISTICS 
Refer to Section VI for flight characteristics of the 
airplane. 


DESCENT 
Note 
Refer to Section V for limitations applicable to 
descent. Refer to the Appendix for the recom- 
mended descent speeds, time required fuel con- 
sumption, etc. 


1. Canopy defog switch -CANOPY DEFOG. 

2. Cockpit no-fog vent suit switch—ON (if installed). 
Cabin temperature control knobCAUTOMATIC, 
midway or hotter (airplanes without cockpit no-fog 
vent suit switch). 


On airplanes that do not have a cockpit no-fog 
vent suit switch, the cabin temperature control 
knob should be placed in the hot range prior to 
entering the traffic pattern to prevent cockpit 
fog during landing or go-around. 
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3. IFF — Checked. 
Check the ІЕЕ within one hour prior to esti- 
mated time of landing. 
4. Altimeter — Reset to point of descent setting ( pass- 
ing through 24,000 feet). 


BEFORE LANDING 
1. Zero delay lanyard hook — Attach (if installed). 


If "опе & zero” escape system is installed, attach 
zero delay lanyard hook to ripcord prior to 
reaching 2000 feet above terrain in accordance 
with limitations established in the Zero Delay 
Lanyard Engagement Requirements Chart (fig- 
ure 3-3) and stow on parachute harness. For 
minimum ejection altitudes, see the Emergency 
Minimum Ejection Altitude Table, figure 3-4. 


Note 


After landing it is not necessary to disconnect 
the zero delay lanyard, since it connects the 
ripcord to the timer knob and is not attached 
to the safety belt. The parachute may be 
removed from the airplane with the lanyard in 
the hooked-up condition. 


. Fuel quantity — Check. 

. Boost pump switches — ON. 

. Fuel selector switch — Check. 

. Hydraulic pressures — Check. 

Radar master switch — STBY. 

Armament safety switch — SAFE (guard closed). 
Armament selector switch — SNAKE. 


. Shoulder harness inertia reel handle — 
UNLOCKED. 


. Entering traffic pattern. 
à, Airspeed — 300-325 KIAS. 
b. Speed brakes — Ав desired. 


V ®© MO M жы N 


- 
о 


Моїе 

In the event of a speed brakes system malfunc- 
tion, it is possible for one brake to extend while 
the other remains retracted, resulting in violent 
yawing. Consequently, it is desirable to open (һе 
speed brakes sufficiently early in the pattern 
to permit immediate retraction and recovery 
should this condition occur. 


с. RPM 80 to 85%. 
Reduce thrust to decelerate to safe landing 
gear extension speed. 


Note 
At no point in the pattern should rpm be less 
than 75% to assure sufficient engine response 
in the event of a go-around. 
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d. Altitude — 1500 feet above field elevation. 
11. Downwind. 
a. Altitude — 1500 feet above field elevation. 
b. Airspeed — 220 KIAS. 
12. Before turning base. 


a. Landing gear handle— Down; gear checked 
down; warning light. out. 


Note 
* Refer to Section V for landing gear maximum 
extension speed and tire ground speed limits. 


* Above 200 KIAS with landing gear extended 
а high frequency buffet occurs. This is normal 
and is due to airflow in wheel well areas. 


b. Altitude — 1500 feet above field elevation. 
c. Airspeed — 220 КТА5, 
d. RPM — 85-90%. 

13. Base (descending). 


RECOMMENDED 5РЕЕр5 


(KIAS) 
GROSS = 
WEIGHT +] PRIOR 
TO TOUCH- 

BASE APPROACH | FLARE DOWN 
20,000 173 164 159 130 
22,000 182 | 172 167 137 
24,000 191 180 175 їв 
26,000 199 188 182 149 
28,000 206 195 189 155 
30,000 214 202 196 160 


а. Airspeed — 185 KIAS minimum. 
Establish descent during turn on base. 
14. Final approach. 


a. Airspeed — 175 KIAS minimum. 


If airspeed becomes excessively low, a high sink 
rate may develop, resulting in a hard landing. 
See figure 6-1, Minimum Speeds, for informa- 
tion concerning rate of sink уз. airspeed for 
other than standard conditions. Normally, 85% 
rpm will be required on final approach to 
maintain sufficient airspeed. 


15. Prior to flare. 
а. Airspeed— 170 KIAS minimum, 
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ANGLE OF ATTACK MUST BE KEPT UNDER 18° 
TO.PREVENT SCRAPING THE:TAIL. 0 


зат Ў Ман 


LANDING 
NORMAL LANDING 


A typical landing pattern and recommended procedures 
are shown in figure 2-6. Refer to Appendix for recom- 
mended approach and touchdown speeds at varying gross 
weights. Тһе landing should be accomplished in a wings- 
level attitude with the airplane aligned with the runway 
and an angle of attack approximately 15? (nose on the 
horizon). Typical landing procedures are as follows: 


1. Flare out. 


a. Throttle — IDLE. 
Reduce thrust to idle during flareout. 


If engine fails to decelerate to idle rpm 
(approximately 55 to 65% rpm) when throttle 
is reduced to IDLE, place the fuel control switch 
to EMERGENCY to redüce landing roll. 
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2. Touchdown. 
a. Airspeed — 140 KIAS minimum. 


b. Drag chute — Deploy. 
Drag chute may be deployed immediately 
after touchdown. There is a slight nose-down 
pitch when the drag chute is deployed. The 
drag chute will deploy slowly in some cases if 
the nose is held off. For faster deployment, 
the nose may be lowered. 


c. Lower nose wheel to runway. 


The nose should be lowered to the runway at approxi- 
mately 105 KIAS on early airplanes*. On later airplanes** 
sufficient elevator contro! will remain at 90 KIAS, and 
the nose should be lowered at this speed. Wheel braking 
should be applied as necessary. 


Note 
ө Full length of the runway should be used during 
landing to reduce brake wear. If conditions per- 
mit, delay the use of wheel brakes until the air- 
plane has slowed to 90 KIAS or less to ensure 
against skidding the tires. 


® There may be a slight delay between pedal 
release and release of braking action. 


Directional Control During Landing Roll 


Good directional control during the landing roll can be 
maintained by use of the ailerons. After the main landing 
gear is firmly on the runway, the airplane will turn in the 
direction of aileron selection. Rudder, wheel brakes, and 
nose wheel steering should normally be used for direc- 
cional control during the landing roll. Nose wheel steer- 
ing is sensitive at high speed and should not be used until 
the airplane has been slowed to 80 KIAS or below. 


CROSS-WIND LANDING 


Before Touchdown 


The traffic pattern for a cross-wind landing should be 
normal, making proper allowances for strength and direc- 
tion of the cross-wind. Proper runway alignment on the 
final approach can be maintained by crabbing or dropping 
one wing; however, a combination of the two is recom- 
mended just prior to flare. For wet or dry runway land- 
ing, maintain cross-wind correction to touchdown to 
prevent side drift. Reduce sink rate to a minimum to 
accomplish smooth touchdown. At increased cross-wind 
components, sink rate must be minimized due to increase 
of side loads imposed on the landing gear. 


After Touchdown 

Accomplish touchdown on upwind side of runway. The 
drag chute should be deployed at touchdown. Drag chute 
deployment at touchdown tends to counteract the down- 
wind weather vaning tendency of the airplane. 


ФДЕ 53-1791 thru 53-1811. 
зе AP 53-1812 б on. 
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Be prepared to jettison chute if excessive turn- 
ing into the wind occurs as the airplane slows 
down. 


Prior to nose wheel touchdown, directional control 
should be accomplished by use of rudder and aileron. 


Note 

After nose wheel touchdown, directional control 
can be maintained by using rudder, aileron, 
brakes, and nose wheel steering. Avoid use of 
nose wheel steering above 80 KIAS due to sensi- 
tivity. The use of aileron to "steer" (left aileron 
to turn left) is effective. Rudder or coordi- 
nated control is preferable in high cross-winds, 
particularly when the nose wheel is on the 
ground. 


Refer to the Takeoff and Landing Cross-Wind Chart in 
the Appendix to determine cross-wind components and 
recommended nose wheel touchdown speed for a particu- 
lar cross-wind condition. 


LANDING ON SLIPPERY RUNWAYS 


À normal landing pattern should be flown when landing 
on a slippery runway, planning the touchdown to allow 
maximum distance for the landing roll. The drag chute 
should be deployed immediately after touchdown. 


Wet Runways 

A normal landing pattern should be used for landing 
on wet runways. Excessive touchdown speed should be 
avoided. Establish the final approach speed for the air- 
plane gross weight in accordance with the landing dis- 
tance charts in the Appendix. Deploy the drag chute at 
touchdown. During the initial ground roll, maintain a 
nose-high attitude and use rudder and aileron for direc- 
tional control. At approximately 90 KIAS, lower the nose 
wheel to the runway and commence intermittent braking. 
Avoid use of nose wheel steering above 80 KIAS, due to 


sensitivity. 


Wheel brakes are relatively ineffective until the 
lift of the wing has dissipated. During the initial 
Bround roll on a wet runway, it is virtually 
impossible to determine when a wheel has 
stopped rotating. Therefore, the best assurance 
against blowing a tire is intermittent braking, 
with equal pressure applied to both brakes. If 
the airplane starts to yaw, release both brakes 
until directional control is regained, then resume 
intermittent braking. For additional informa- 
tion, refer to USE OF WHEEL BRAKES, Sec- 
tion VIL. 
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BEFORE TURNING BASE 
0, GEAR — DOWN 
b. ALTITUDE 1500 FEET 

ABOVE FIELD 

ELEVATION 

220 KNOTS IAS 


і 
BASE (DESCENDING) : 
SPEED 185 KNOTS 145 


MINIMUM 


xm 


FINAL APPROACH 
SPEED 175 KNOTS IAS М 
MINIMUM 


© MAINTAIN A MINIMUM OF 75% RPM, UNTIL LANDING IS ASSURED TO PROVIDE 
MORE DESIRABLE ENGINE ACCELERATION IN EVENT OF A GO-ARGUND. 


+ © 
Figure 2-6 
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| NORMAL LANDING GROSS WEIGHT OF 23,000 POUNDS 
( (REFER TO LANDING: DISTANCES CHARTS IN THE 


APPENDIX.) 


| 
DOWN WIND | 
c. ALTITUDE 1500 FEET ABOVE us 
FIELD ELEVATION D. 
h. SPEED 220 KNOTS JAS " 


ENTERING TRAFFIC PATTERN 
а. SPEED 300 70 325 KNOTS 


b. SPEED BRAKES AS DESIRED 
c, RPM 80 TO 85% 


d. ALTITUDE 1500 FEET ABOVE 
FIELD ELEVATION 
ү ] x, 
bay е 
TOUCHDOWN | E 
шиш SPEED 140 KNOTS 145 d P" 
MINIMUM . a EE: б й 
PRIOR ТО FLARE ~ а” 
SPEED 170 KNOTS IAS \ 


MINIMUM \ 
| ЈИ > Y | əн” Жы it 

і о E 2 
x ac NP NET a Ёс | : 

3 AFTER TOUCHDOWN 
2 Р NE DRAG CHUTE MÁY BE DEPLOYED AT ANY SPEED | 
| | 
š | 


BELOW 160 KNOTS IAS 


Ци 
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If the drag chute fails to deploy, hold the nose up as 
long as possible to achieve maximum aerodynamic brak- 
ing. Without the chute the landing roll will be greatly 
increased. 


Icy Runways 


The technique for landing this airplane on an icy runway 
is the same as for a wet runway. Howevet, the reduced 
friction between the tires and the runway makes direc- 
tional control more difficult and results in further reduc- 
tion in brake effectiveness, Consequently it is of the 
utmost importance to touch down at the minimum speed 
for the particular airplane gross weight. Use of the drag 
chute is essential and ice grip tires are recommended. 


HEAVY-WEIGHT LANDING 


А heavy-weight landing is accomplished by using the 
same procedures as a normal landing; however, addi- 
tional power may be required on final approach. Refer 


to the Appendix for prior to flare and touchdown speeds - 


nt varying gross weights. 


MINIMUM-RUN LANDING 

Use normal approach patterns and speeds. Touch down 
with the maximum angle-of-attack which will not dam- 
age the tail cone. Retard throttle to OFF at touch down, 
deploy drag chute, and immediately lower the nose and 
apply maximum braking. 


Note 
Although the drag chute is not designed for 
inflight use, it is considered practical to deploy 
the chute while in the landing attitude at the 
instant before touchdown. 


Braking is permissible above 90 KIAS. How- 
ever, extreme caution is required to prevent 
blowouts from skidding the tires, since it is very 
difficult to feel when a wheel is locked at high 
speeds. 


After a minimum-run landing, or any time the brakes 
are used excessively, the airplane should be parked away 
from congested areas until the brakes and tires have 
cooled. Refer to ОЗЕ OF WHEEL BRAKES, Section VII. 


TOUCH-AND-GO LANDING 


Touch-and-go landings are not recommended in this air- 
plane. The usual hazards in takeoff and landing are 
compounded during touch-and-go landings due to the 
rapid actions required while rolling at high speeds and 
flying at low altitude. In addition, tire temperatures may 
become excessive after a series of touch-and-go landings. 
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GO-AROUND 


А go-around may be made from any point in the 
approach. See figure 2-7 for typical go-around procedures. 
The descent attitude is approximately the same as the 
climb attitude, and the difference between climb and 
descent is thrust. Inasmuch as relatively high engine rpm 
is maintained during descent, thrust is almost instantane- 
ously available when the throttle is advanced. No appre- 
ciable trim change is experienced when applying power 
or retracting landing gear. Some yaw may be experienced 
due to uneven speed brakes retraction at speeds below 
180 knots. 


Note 
е If а go-around is attempted after unsuccessful 
or successful deployment of drag chute, push 
drag chute handle in, retract speed brakes, and 
advance throttle using afterburner as required. 
• If drag chute deployment was unsuccessful, the 
speed brákes should not be opened until after 
touchdown on subsequent landing. 


Be prepared to counteract yawing in the event 
a speed brakes malfunction causes unequal speed 
brakes retraction. 


AFTER LANDING 


Use extreme care when applying brakes immediately after 
touchdown, or at any time when there is considerable lift 
on the wings, to prevent skidding the tires and causing 
flat spots and possible blowout. If maximum braking is 
required after touchdown, lift should first be decreased as 
much as possible by lowering the nose before applying 
brakes. A heavy brake pressure can result in locking the 
wheels more easily if brakes are applied immediately after 
touchdown than if the same pressure is applied after the 
full weight of the airplane is on the wheels. 
1. Pitch and yaw dampers — Disengage. 
2. Speed brakes switch — Neutral. 
The speed brakes switch should be in the "neu- 
tral" position prior to drag chute jettison. This 
will prevent venting hydraulic fluid from the 
secondary hydraulic system if inadvertent 
emergency speed brakes extension had occurred 
during drag chute deployment. 
3. Drag chute— Jettison. 


After taxiing clear of the runway the drag chute 
should be jettisoned. 


Note 
Drag chute should be jettisoned at slowest speed 
necessary to maintain parachute inflation. 
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go-around (пурсат) 


START GO-AROUND 

THRUST 
MAXIMUM OR FULL 
MILITARY 

SPEED BRAKES 
CLOSED (IF OPEN) 

GEAR 

UP (WHEN AIRPLANE 1 
DEFINITELY AIRBORNE) 


Li ad 


© MAKE DECISION ТО GO AROUND AS SOON AS POSSIBLE. CLEAR TRAF- 
FIC AS SOON AS ADEQUATE AIRSPEED HAS BEEN OBTAINED. 


{ € IF A GO-AROUND IS ATTEMPTED AFTER UNSUCCESSFUL OR SUCCESS- 

М Ful DEPLOYMENT OF DRAG CHUTE, PUSH DRAG CHUTE HANDLE IN, 
RETRACT SPEED BRAKES AND ADVANCE THROTTLE USING AFTER- 
BURNER AS REQUIRED. 


© ІБ AFTERBURNER 15 INOPERATIVE, GO-AROUND CAN BE MADE WITH 


al FULL MILITARY THRUST. 
эр © APPROXIMATE FUEL REQUIRED FOR А GO-AROUND IN WHICH А DIS- 


TANCE OF 9 MILES IS TRAVELED (5: 
MAXIMUM THRUST: 900 POUNDS 
MILITARY THRUST: 400 POUNDS 


Figure 2-7 
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• The drag chute should be jettisoned before taxi- 
ing downwind in winds exceeding 15 knots 
because of the possibility of the chute collaps- 
ing and risers burning by contact with the hot 
areas of the exhaust nozzle or the chute beiag 
damaged from dragging on the ground. The 
drag chute should also be jettisoned in high 
wind or rain if the chute collapses because there 
is a possibility of the risers burning by contact 
with the hot areas of the exhaust nozzlé or dam- 
age from dragging on the ground. 


• Insure that helmet, oxygen mask, gloves or any 
other loose items are not placed in а location 


Note 
The five-minute stabilization period applies only 
when the engine has been operated above 8595 
rpm for periods exceeding one minute during 
the five-minute period prior to shutdown. 


If engine temperatures are not allowed to stabi- 
lize for approximately five minutes before shut- 
down, damage can result from interference 
between engine rotating and stationary parts 
which have differences in cooling rates. 


3. Compressed air — Connected. 


that could allow them to be dislodged from the 
cockpit and sucked into the engine intakes when 
the canopy is open and the engine running. 


€ If the canopy is open during taxi operations, 
observe canopy limit speeds. The canopy hold- 


Signal ctew chief to connect compressed air for 
shutdown. If no external compressed air source 
is available, the combustion starter manual air- 
valve should be рїасед іп AIRCRAFT position 
to provide air for clearing. 


open rod must be used on airplanes which do Note 

not have a canopy hold button. Keep hands In the event of engine fire during shutdown, 
away from canopy sill unless canopy support compressed air should be provided to motor 
tool is in place. the engine. 

4. RAT handle Puil. 4. Engine ignition disconnect switch — OFF. 


The RAT should be extended while taxiing in to 
prevent possible injury to ground personnel. 


5. Speed brakes switch — OUT. 


Тһе speed brakes should be in the extended 5. 


position prior to engine shutdown to facilitate 
turnaround. 


. Navigation receiver — OFF. 
. IFF— OFF. 


Have crew chief place the engine ignition dis- 
nect switch in the left-hand main wheel well 
to OFF. 


Hydraulic systems check — Two-second recovery. 


With the engine operating at idle, check орега- 
tion of each hydraulic system by smoothly posi- 
tioning stick fully forward and fully aft. The 
hydraulic system pressure gage should show a 
pressure drop and then return to system pressure 
within approximately two seconds. 


6 
7 
8. Nesa switches — OFF. 
9. Anti-ice switch — OFF. 
10. Windshield rain clear switch — OFF. 


11. Cockpit no-fog vent suit switch — OFF 
(if installed). 


. Radar master switch — OFF. 

» Boost pump switches — OFF. 

. UHF radio — OFF. 

DC and ac generator switches — OFF. 


No юса с 


12. Canopy defog switch — OFF. 


10. RPM — 70% or above for 30 seconds. 


13. Pitot heat switch — OFF. 
14. Anticollision light — OFF. 


lmmediately prior to shutdown, operate the 
engine at 70% rpm for 30 seconds to assure 
complete scavenging of oil system. 


15. Takeoff trim — Set. 11. Throttle — OFF. 


- 


ENGINE SHUTDOWN 


To shut down engine, proceed as follows: 


1, Wheel chocks — Installed. 
Hold wheel brakes on; have wheel chocks 
installed. 

2. RPM — Idle for five minutes. 


Operate engine at idle rpm for five minutes to 
stabilize engine temperature (taxi time at idle 
may be included). 
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Note 
Check that engine decelerates freely by listening 
for any excessive engine noises during shut- 
down. Leave fuel selector switch to ENGINE 
(fuel shutoff valve switch to OPEN on some 
airplanes). 


12. RPM zero, fuel selector switch — OFF (some air- 


planes) if not safety-wired*. 


*In accordance witb TCTO 1F-102-686. 
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Fuel shutoff valve switches — CLOSE (other 
airplanes). 
Allow engine to stop prior to shutting off fuel 
to provide lubrication for the fuel control unit. 


13. Canopy support tool — In place. 


With low pneumatic air pressure, canopy will 
drop when dc power is removed if canopy 
support tool is not in place. 


14. Battery switch — OFF. 


15. Move elevons to remove hydraulic system pressure. 


BEFORE LEAVING AIRPLANE 
Before leaving the airplane check the following: 


1. Ejection seat safety pin — Installed, streamer visible. 
Insert the seat safety pin from the inboard side** 
of the right arm rest with the streamer visible. 

2. Oxygen supply switch — OFF (if equipped with 

survival kit) before removing mask ot faceplate. 


3. Personal equipment leads — Disconnect. 


If wearing an automatic opening parachute that 
has a key attached to the aneroid arming lan- 
yard, make sure key does not foul when leaving 
Cockpit, to prevent chute from being opened 
inadvertently. 


4. Survival kit — Detach from parachute (if installed). 


5. Form 781 — Completed. 


Enter any discrepancies which were noted during 
flight. 


Make appropriate entries on Form 781 covering 
any system defects or any limits in the Flight 
Manual that have been exceeded during the 
flight. Entries must also be made when the air- 
plane has been exposed to unusual or excessive 
operations such as hard landings, excessive brak- 
ing action during aborted takeoffs, long and 
fast landings, and long taxi runs at high speeds, 
etc. 


6. Chocks, landing gear safety pins, and external tank 
safety switch pin (Part #SE 1100) — Install. 


*2Ontboard side on AF 56-1275 6 on © earlier airplanes 
modified by TCTO 1F-102-751. 


Section || 


STRANGE FIELD TURN-AROUND 
PROCEDURES 


The following procedures supplement the Normal Abbre- 
viated Check List, providing servicing instructions in 
check list form for use where ground crew personnel are 
not familiar with the F-102A airplane. This check list 
should be used by the pilot only after a thorough brief- 
ing by maintenance personnel on all aspects of servicing 
this airplane. Servicing fluid specifications are contained 
in the Servicing Diagram, Section I. 


Note 
These procedures may be removed from the 
Flight Manual for convenient use as they will 
not appeat in the cardboard check list, T.O. 
1F-102A-(CL)1-1. 


When required to direct or accomplish servicing of the 
airplane at a strange field, proceed as follows: 


ENGINE OIL TANK SERVICE 


Note 
Тһе engine oil tank should be filled as soon as 
possible after engine shutdown (пос to exceed 
five minutes) or oil will drain from the tank 
into the accesory gear case in sufficient quanti- 
ties to prevent an accurate oil quantity check. 


"The oil filler cap is located under the access panel on the 
top left side of the fuselage just forward of the vertical 
stabilizer. | 

1. Check oil level with clean dipstick. 

2. Service with oil. 

3. Replace and check filler cap for proper installation. 


ARMAMENT DOOR OPENING 


АП armament doors must be fully closed before 
operation. 


1. Check cockpit for the following: 
a. Battery switch — OFF. 
b. Armament selector switch — SNAKE. 


c. Armament safety switch — SAFE (guard 
closed). 


d. Igniter control switch —Training 
(safety-wired). 


Warn personnel and clear armament bay area. 
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2. Connect 28-volt dc external power or turn battery 
switch ON. 

3. Pneumatic pressure-low warning light — Out (if 
the warning light is illuminated, have the high- 
pressure pneumatic system serviced). 

4. Armament reset circuit breaker — In (do not push 
power circuit breaker in). 

5. Armament door switch — CLOSE, then release (do 
not actuate launcher reset switch). 

6. Armament door reset switch — RESET and hold. 
Do not actuate launcher reset switch. 


Note 
If air is heard entering the door cylinders and 
the green reset light illuminates, the. system is 
reset and armament door operation can be 
continued. 


7. Armament door reset switch — Release. 
8. Armament door switch — OPEN (doors should 
open). 
9. Armament reset circuit breaker — Out (air exhaust 
should be loud). 
10. External power — Disconnect (or) battery switch — 
OFF. 


11, Check that armament doors can be moved with 
little resistance. 

12. Armament bay door safety locks— Installed (if 
available). 


ARMAMENT DOOR CLOSING 
To close armament doors, check for launchers up and 
locked and armament doors fully open. Repeat steps 1 
through 3 above, then proceed as follows: 
1. Armament bay door safety locks — Removed (if 
installed). 
2. Armament door switch — OPEN, then release (do 
not actuate the launcher reset switch). 
3. Armament door reset switch — RESET and hold. 


Note 
И air is heard entering the door cylinders and 
the green reset light illuminates, the system is 
reset and door operation can be continued. 


4. Armament door reset switch — Release. 

5. Armament door switch — CLOSE (doors should 
close). 

6. Armament reset circuit breaker — Out (air exhaust 
should be loud). 


7. External power — Remove (or) battery switch — 
OFF. 


BARRIER PROBE OPERATION 


То release the barrier probe when іп the down position, 
depress the latch just inside the forward probe housing, 
raise probe to up position until it catches, then check 
security. 
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PRESSURIZING CONSTANT-SPEED DRIVE 
ACCUMULATORS 


Тһе pressurization valve is located in the right-hand 
engine access compartment by the constant-speed drive 


gage. 
. Remove valve cover. 
. Connect low-pressure air source. 
. Loosen hex nut approximately one-half turn. 


1 
2. 
3 
4. Pressurize until gage reads in the green. 
5. Tighten hex nut. 

6. Disconnect air source. 

7. 


. Replace valve cover and check for leaks. 


LANDING GEAR STRUT SERVICING 


Lowering Strut 


1. Remove valve cap cover and loosen valve one-half 
turn. 


2. Depress valve stem, releasing small amount of air 
at a time, then rock the wing briefly. Check for 
proper strut extension. 


Extending Strut 


1. Remove valve cap cover and connect air source. 


2. Loosen valve one-half turn and pressurize to 
proper extension. 


3. Tighten valve and remove air source. Replace valve 
cap, then check for leaks. 


DRAINING OVERFULL HYDRAULIC RESERVOIR 


Primary Reservoir 
The drain line is located inside rear bulkhead of right- 
hand armament bay. 


Note 
Open armament doors using procedures 
previously outlined. 


1. Depressurize reservoir by depressing button on top 
of reservoir cap. 


2. Remove drain line cap cover. 


3. Hold button on top of reservoir depressed or 
remove cap to allow excess fluid to drain. 


. Drain until fluid level is V4 inch below full mark. 
. Release button. Replace reservoir cap. 


. Replace drain line cap cover and check for leaks. 


мо» ж 


. Pressurize reservoir and recheck fluid level. 
Note 
ТЕ fluid level decreases more than М inch, 


excessive air is in the system. 


8. Close armament doors as previously outlined. 
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Secondary Reservoir 


The drain line is located on the forward side of the right- 
hand wheel well. The procedure for draining the sec- 
ondary reservoir is the same as for the primary except 
that the fluid level should not decrease more than Уз inch 
when the reservoir is pressurized. 


SERVICING HYDRAULIC RESERVOIR AND 
ACCUMULATORS 


The reservoir and accumulator air charge fittings are 
located in the RAT compartment. 


1. Operate control stick to bleed system pressure. 
2. Extend the RAT, 


3. Primary and secondary accumulator air gages — 
750 (x25) psi. If air pressure is low, charge with 
dry air or nitrogen to 750 (+25) psi and check 
for leaks. 


Note 
То pressurize accumulators, remove cap from 
fitting, connect air source, loosen fitting one- 
half turn, then apply pressure. Tighten fitting 
prior to removing air source. 


4. Check hydraulic reservoir sight gages for correct 
fluid level. 


5. If fluid level is at refill, release air pressure by 
depressing the button on top of the reservoir cap. 
Remove reservoir cap and service with hydraulic 

fluid to 14 inch below full mark. 


6. Replace reservoir cap. 


7. Pressurize reservoirs with low-pressure air source. 


The quick-disconnect is located at the top center 
of the RAT compartment. 


Note 
The airplane is unacceptable for flight if che 
fluid level in che primary reservoir decreases 
over 14 inch or the secondary decreases over Vs 
inch after pressurization. 


REFUELING (SINGLE -POINT ONLY) 


Note 

1f refueling source with single-point adapter is 
not available and the airplane is equipped with 
external tanks, the airplane may be fully serv- 
iced by filling the external tanks, then starting 
the engine and transferring fuel into the inter- 
nal wing tank system. Repeat this procedure 
until the airplane is fully serviced. 


Refuel the airplane with JP-4. Refer to Section V for 
emergency fuel and limitations, The filler adapter is 
located on the rear bulkhead of the left wheel well. 
Remove the red dust cap from refueling adapter and 
attach fuel hose nozzle. Shutoff valve on nozzle shall be 
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in off position. Start pump on fuel truck and adjust fuel 
pressure to 55-60 psi. Open shutoff valve on fuel hose 
nozzle and maintain 55 to 60 psi. Check for normal 
exhaust of air from left or right fuel tank vents at the 
beginning and during refueling. 


If air does not flow from each wing vent, shut 
off fuel flow and investigate the trouble. 


А normal discharge of fuel from refueling adapter drain 
will occur after refueling hose is removed. Tank should 
be allowed to completely drain before filler cap is 
installed. Check fuel filler cap installed with arrows 
aligned. 
Note 
Check fuel service against remaining fuel to 
insure full load. 


HIGH-PRESSURE PNEUMATIC SYSTEM SERVICING 


Тһе high-pressure pneumatic system filler valve and 
pressure gage are located in the left main wheel well. 
Use high-pressure compressor (MC-1 or like equipment) 
which will produce 3200 psi. Service to 3000 psi. АП 
precautions must be exercised to prevent contamination 
of the high-pressure pneumatic system. 


Insure that combustion starter manual air valve 
in the left main wheel well is in the GROUND 
supply position. If high-pressure air is not avail- 
able, air-motoring of starter is to be minimized. 


WEATHER PROCEDURES 


Canopy 


Тһе canopy should be left open (ground support tool 
installed) when exposed to direct rays of the sun at 
temperatures above 85°F, If the ground support tool is 
not available, leave the canopy cracked. 


RADOME ANTI-ICING TANK SERVICE 
The radome anti-icing tank is located in the right forward 
electronics compartment. 


1, Release air pressure by depressing the release valve 
on filler cap. 

2. Fill tank with anti-ice fluid (40% water — 60% 
glycol). 


DRAG CHUTE INSTALLATION 


1. Speed brakes — OPEN. 
2, Speed brakes ground safety locks — Installed. 


3. Inspect drag chute compartment for metal tears, 
cleanliness, screws flush and tight. 
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- Square drag chute pack (risers should be 26 inches 


long). 

Check riser gathering strap fully against "D" ring 
and check to see safety pin is properly aligned in 
pilot chute. 

Place speed brake safety pin in position. 

Place "D" ring in jaws. 

Drag chute handle — Out. This will hold "D" ring 
securely in the jaws during installation). 

Lay risers on bottom of drag chute compartment 
and install chute on top of risers. (Hold pressure 
against jaws to keep risers from jamming or batting 
up against "D" ring.) 


. Remove ground safety aft pilot chute pin. 

. Place top retainer strap over cone. 

. Place bottom retainer strap over cone. 

. Drag chute handle — Ја. 

. Install ball of ripcord pin in cable guide. Assure 


ball is in race and fingers on top of ball. Install 
ripcord pin in pilot chute cone. 


Note 


Do not pull pilot chute inner safety pin. 


15. 


2-34 


Drag chute handle — Out. If ripcord pin comes out 
(normal operation), repeat steps 13 and 14. 


Note 
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Note 
If ripcord pin does not come out on operational 
check, a cocked “D” ring or malfunction exists 
and installation should not be continued until 
malfunction is corrected. 


16. Pull pilot chute safety pin and do not touch drag 
chute thereafter. 


COMBUSTION START— SECOND ATTEMPT 


The following procedure should be followed to manually 
replenish the starter fuel flask. Gain entrance to the fuel 
flask through the right-hand engine access door. 


1. Remove bleed line cap cover from starter flask 


bleed line. 

2. Apply approximately 10 psi of air to fuel flask 
bleed line. 

3. Listen for bottoming of the plunger in starter 
flask. 


4. Remove air source and allow fuel to gravity feed 
from fuel tanks to fill starter fuel flask, Use a suit- 
able container to collect fuel drainage from fuel 
flask, 

5. Install bleed line cap cover. 


6. Check for leaks. 


The Normal Abbreviated Check List is now 


contained in Т.О. 1F-102A-(CL)1-1. 
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Note 
Critical actions, which must be performed imme- 
diately and instinctively if the emergency is not 
to be aggravated or damage is to be avoided, 
are listed in bold face capital letters. 


ENGINE FAILURE 


Generally flameouts occur from improper fuel scheduling. 
Failure of components outside of the engine proper can 
often be detected by reference to the engine instruments 
or warning lights before a flameout occurs. Air starts 
should be attempted to restore engine thrust unless 
mechanical failure occurs within the engine. Should an 
engine mechanical failure occur, the fuel supply should 
be shut off by retarding the throttle to OFF, placing the 
fuel selector switch to OFF (fuel shutoff valve switches 
to CLOSE on some airplanes), and placing boost pump 
switches to OFF. Pilot's discretion should determine the 
action to be taken following an engine failure, Refer to 
EJECTION VS. FORCED LANDING, this Section, 


Note 

The airplane has normal flight characteristics 
with a dead engine except above speeds of 
approximately 220 KIAS. Above these air- 
speeds, the interruption of airflow through the 
engine inlet ducts creates a duct rumble which 
causes a very startling buffet and heavy vibra- 
tion within the airframe. The severity of this 
rumble increases proportionally with IAS and 
is only slightly perceptible at best glide speed of 
220 KIAS. 


COMPRESSOR STALL 


А breakdown of compressor airflow is known as а com- 
pressor stall. The compressor stall is induced by a change 
in the pattern of airflow being fed to the engine. The 
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intensity of the stall is determined by the magnitude of 
the airflow pattern change and may affect a number, ог 
all of the compressor blades. Stalls may be encountered 
at any speed. Retarding or advancing the throttle too 
rapidly can cause either deceleration or acceleration stalls, 
respectively. Without throttle movement, rapid changes 
of flight condition which distort the inlet duct airflow 
pattern can induce compressor stall under certain atmos- 
pheric conditions. Compressor stalls may be experienced 
during operation at high altitudes in areas of heavy ice 
crystal concentration such as found in or around 
thunderstorms. 


Note 


Refer to TURBULENCE AND THUNDER- 
STORMS, Section IX, for applicable procedures. 


Тһе ice crystals entering the inlet duct во into the engine 
with the air where they ate heated during the compres- 
sion process and become effectively, ingested water. The 
ingested ice crystals reduce the compressor stall margin, 
and comipressor stall or flameout follows. These com- 
pressor stalls may occur as individual loud reports or as 
a series of loud reports in rapid order. Compressor stalls 
are accompanied by airframe vibration and in some cases, 
emission of vapor from the engine air intake duct. RPM 
drops to 80% or below, fuel flow drops to 800 pph and 
temporary loss of EPR occurs when a series of stalls are 
experienced. Fuel flow and rpm will fluctuate when 
individual stalls are encountered. 


Note 
The engine can sustain numerous rapid order 
type compressor stalls without engine damage. 


Compressor stalls may be recognized by loss of thrust 
reflected through engine instruments, rapid reduction or 
fluctuation of engine pressure ratio at a constant throttle 
position, or failure of rpm to increase during acceleration. 
А compressor stall may be accompanied by а rise in 
exhaust gas temperature. The possibility of encountering 
compressor stall is increased during high-altitude opera- 
tions as the thinner air does not conform as easily to 
smooth airflow through the compressor section as does 
the heavier air at low altitude, This results in a more 
easily disturbed compressor airflow pattern. There are 
several things that can be done to avoid compressor stall 
or to reduce its intensity. Erratic and abrupt throttle 
movements should be avoided. Rapid throttle advances 
during periods of high distortion of the air entering the 
air inlet duct, such as at low airspeeds, can cause accelera- 
tion stalls. Coordinated flying increases the efficiency of 
the compressor inlet air duct. Airspeeds should be main- 
tained above the acceptable minimum. Following a single 
loud explosion, iinmediately check for signs of fire (trail- 
ing smoke or flames and fire warning system indications) 
to determine whether a compressor stall or engine failure 
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has occurred. When compressor stalls occur, or when 
operating in heavy ice crystal concentrations, proceed 
as follows: 


1. Ignition button — Depress and hold (airplanes 
with all-poínts ignition.) Move throttle inboard if 
in AFTERBURNER. 


| CAUTION | 


Continuous use of thé ignition system in excess 
of ten minutes, or consecutive continuous usages 
without a ten-minute interim cooling period 
may result in damage to the ignition system 
which will render it inoperable for restarts. 
Energizing the ignition system will not prevent 
compressor stall, but it will aid in preventing 
flameout. 


2. Check engine instruments for engine mechanical 
failure and overtemperature. 


3. Do not retard throttle unless engine failure or 
overtemperature is evident, 


Note 
If overtemperature condition exists, retard throt- 
tle slowly to prevent exceeding EGT limits. 
During operation above 40,000 feet, avoid 
retarding throttle below 85% tpm. 


4. Maintain normal coordinated straight and level 
flight attitudes until engine stall condition is 
. relieved. 


Note 
Maintain unaccelerated flight until engine stall 
condition is relieved, if possible, ТЕ not, main- 
tain altitude and heading üntil airspeed drops 
to 220 KIAS then establish glide speed of 220 
KIAS and maintain heading. Do not open speed 
brakes. 


5. If ап overtemperature persists, fuel control switch 
to EMERGENCY. 


6. IF EGT EXCEEDS MAXIMUM ACCELERATION 
LIMIT, THROTTLE TO OFF. 
Retard throttle to OFF if above procedures do 
fiot keep ЕСТ with maximum acceleration limits 
(refer to ENGINE OPERATING LIMITS, 
Section V). 


7. Restart engine. 


After a stabilized condition is obtained, restart 
the engine. Refer to ENGINE. AIR START, 
this Section, for restarting procedures. 


О 
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Моїе 
Record on Form 781, any compressor stall and 
indicate duration and peak temperatures of any 
overtemperature operation. 


Off-idle compressor stalls (sometimes referred to as 
"choo-choo" or acceleration stalls) may be experienced 
between idle and approximately 80% rpm while acceler- 
ating during engine ground runup. If a stall occurs as the 
throttle is being advanced in this range, momentarily stop 
or slow throttle advancement as required to correct the 
stalled conditions. Off-idle stall or "choo-choo" is of no 
consequence unless it is severe to the degree that more 
than 15 seconds are required for the engine to accelerate 
from 65% to FULL MIL POWFER. If more than 15 sec- 
onds are required, the engine should be shut down and 
the cause determined before flight. 


ENGINE FAILURE DURING TAKEOFF 


Engine Failure During Takeoff Run 
(Before Airborne) 


ІҒ engine failure occurs before the airplane is airborne, 
abort takeoff; refer to ABORT, this Section. 


Engine Failure During Takeoff (With 

Airplane Airborne) 

If engine failure occurs during takeoff but after becoming 
airborne, an immediate relight may be possible on air- 
planes with all points ignition. If this is unsuccessful, 
the proper course of action depends on altitude at time of 
failure, automatic escape equipment capabilities (see fig- 
ure 3-4), and terrain features of the available landing 
area. If the decision is to land, proceed as follows: 


1. THROTTLE — ОРЕ. 

2. RAT handle — Pull & hold for four seconds. 
Pull the RAT handle to displace the ram air tur- 
bine. Hold the handle in the fully extended 
position for four seconds to insure a satisfactory 
extension of the turbine. 

3. LANDING GEAR HANDLE — DOWN. 

4. External tanks jettison button — Depress (if 

required). 

Depress the external tanks jettison button to jet- 
tison the external tanks if tanks are installed and 
contain fuel. If external tanks are empty, it is 
recommended that they be retained to cushion 
the impact. 

5. CANOPY — JETTISON (IF NECESSARY). 
Raise the canopy jettison handle on the left- 
hand armrest if it is necessary to jettison the 
canopy. 


Airplanes modified by ТСТО 1Е-102-746. 
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9 If canopy is to be jettisoned, make sure it is 
jettisoned before touchdown. Otherwise, sparks 
from the canopy remover may cause a fire if 
fuel is spilled in the vicinity of the airplane, or 
the canopy may become jammed. 

9 If the canopy is jettisoned below 175 KIAS 
while airborne it may strike the fin but prob- 
ably will not result in loss of control. 


6. Shoulder harness inertia reel handle — LOCKED. 


Тһе pilot is prevented from bending forward 
when the shoulder harness is locked; therefore, 
all switches not readily accessible should be 
"cut" before moving the shoulder harness iner- 
tia reel handle to LOCKED position, 


7. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE 
(other airplanes). 

8. DRAG CHUTE HANDLE — PULL (UPON 
CONTACT). 

9. Master switch — OFF (some airplanes); TRIP, 
then OFF (other airplanes). 

10. ABANDON AIRPLANE AS SOON AS 
POSSIBLE. 


Because of the height of the cockpit above the 
ground (eight feet), care should be exerted 
when abandoning the airplane without a ladder 
to prevent bodily injury. 


ENGINE FAILURE DURING FLIGHT 
(Air Start Not Probable) 


Note 
If engine failure occurs but there is no indica- 
tion of mechanical failure within the engine, an 
air start may be attempted. Refer to ENGINE 
AIR START, this Section. 


When ап air start is not probable, use the following pro- 
cedure: 


1. Throttle-OFF. 
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2. Airspeed 220 KIAS (gear up, speed brakes closed). 
Establish a glide speed of 220 KIAS with gear 
up and speed brakes closed. 

3. AC bus switch-EMER (some airplanes); RESET, 

then ON (other airplanes). 
Engine windmilling rpm is insufficient to pro- 
vide normal ac generator operation. The emer- 
gency ac generator should be energized to supply 
power for flight and engine instruments. 


Note 
А "frozen" engine will result in complete loss 
of ac power. 


4. RAT handle—Pull (if necessary) and hold for four 
seconds. 

Pull the RAT handle to displace the RAT if 
immediate emergency flight control hydraulic 
pressure is necessary, The handle should be held 
in the fully extended position for four seconds 
to insure a satisfactory extension of the ram 
air turbine. 


© If engine failure results in a frozen engine, it 
will be necessary to immediately displace the 
RAT to obtain hydraulic pressute for flight 
control operation. 


ӨШ airspeed is above RAT maximum extension 
speed and engine is frozen, do not extend the 
speed brakes to slow the airplane. Speed brakes 
extension will cause immediate depletion of 
remaining secondary hydraulic system pressure. 
Deceleration should be accomplished by moving. 
the flight controls а minimum amount to estab- 
lish a flight attitude that will provide decelera- 
tion. 

Note 

If engine failure results in a windmilling engine, 
there will normally be sufficient hydraulic pres- 
sure available for flight control operation, unless 
airspeed is low, without extending the RAT. 
Rapid movement of the flight controls should be 
avoided. Once extended ihe RAT cannot be 
retracted during flight. 


5. Fuel control switch-EMER (if required). 
If fuel control failure is suspected, place fuel 
control to EMER and check that emergency fuel 
control warning light illuminates. 
6. Fuel selector switch-ENGINE (some airplanes). 
Fuel shutoff valve switches-OPEN (other air- 
planes). 
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7. Nonessential electrical equipment—OFF. 


Turn nonessential electrical equipment off to 
reduce battery load. 


At engine speeds below approximately 40% 
rpm, dc generator output is not available and 
the battery becomes the only source of power 
to the dc essential bus. Usable battery power is 
available for approximately 5 to 20 minutes. On 
airplanes equipped with an emergency dc Биз?, 
the transformer-rectifier will automatically be 
connected to the emergency dc bus when dc 
generator output is lost. The ac system is then 
self-sustaining and will not be affected by bat- 
tery power depletion. 


Note 
Attempt an air start if there is no indication of 


mechanical failure within the engine. Refer to 
ENGINE AIR START, this Section. 


ENGINE FAILURE DURING FLIGHT AT 
LOW ALTITUDE 


If the engine fails during flight at extremely low altitude, 
and sufficient airspeed is available, the airplane should 
be pulled up (zoom-up) to exchange airspeed for an 
increase in altitude. This will allow more time for accom- 
plishing subsequent emergency procedures (air start, 
establishing forced landing pattern, ejection, etc.). 


Note 
The point at which climb should be terminated 
will depend on whether the pilot intends to eject 
or whether he intends to continue attempting air 
starts, establish forced landing pattern, etc. In 
any event, it is recommended that air-start be 
attempted immediately upon detectiofi of engine 
flameout and repeated as many times as possible - 
during the zoom-up. If the decision is to eject, 
the airplane should be allowed to climb as far as 
possible. Ejection should be accomplished while 
the nose of the airplane is above the horizon but 
prior to reaching a stall or sink. If the decision is 
to continue attempting air starts, the climb 
should be terminated before the airspeed drops 
below best glide speed in order that engine 
windmilling rpm will not drop below the mini- 
mum required for air start, 


In the zoom-up maneuver, more altitude can be gained if 
external tanks are jettisoned. Maximum altitude gain сап 
be achieved by jettisoning external tanks prior to zoom- 
up. However, when jettisoning external tanks, considera- 
tion must Бе given to such factors as sufficient airspeed to 


*Airplanes modified by TCTO 1F-102-727. 
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allow time for pilot reaction and ап unpopulated area 
where the tanks wiil fall. In any event, the decision to jet- 
tison or retain external loads must be made by the pilot 
on the basis of his evaluation of the above factors and 
conditions existing at the time of the emergency. 


ENGINE AIR START 


Engine air starts are accomplished by utilizing the same 
basic sequence as a normal ground start but using wind- 
milling effect rather than the starter to motor the engine. 
An air start should be attempted as soon after flameout as 
possible regardless of airspeed. If this immediate attempt 
is unsuccessful, there are certain conditions that should be 
established. Without starter operation, airspeed must be 
controlled to obtain optimum rpm for an air start. The 
best engine windmilling speed for obtaining an engine 
air start is between 15 and 30% rpm. The best glide 
speed of 220 KIAS will provide this rpm between sea 
level and approximately 35,000 feet. Above this altitude, 
at 220 KIAS, the minimum stabilized rpm will increase by 
approximately one percent per 1000 feet. Due to exces- 
sive altitude loss at other than best glide speed, it is rec- 
ommended that 220 knots be used for all air starts, 
regardless of altitude. The probability of a relight at 220 
KIAS is increased below approximately 35,000 feet. 
А windmilling engine. will not deliver ac power directly 
through the main ac generator, but will produce and 
maintain sufficient hydraulic pressure to drive the emer- 
gency ac generator. In the event of a flameout condition, 
it is necessary to switch to the emergency ac generator to 
maintain power for flight and engine instruments and 
under night conditions, instrument panel and console 
lights. See figure 3-1 for engine air start procedure. 


Unsuccessful Air Start 
1. Throttle — OFF. 
Retard the throttle to OFF if during an air start 
any one of the following conditions prevail: 
a, Light up does not occur within 20 seconds after 


throttle has been advanced to IDLE if there was 
positive fuel flow indication. 


Note 
If source of flameout is due to a temporary 
interruption of fuel flow from the fuel tanks, 
restart may take up to four minutes. This condi- 
tion can be detected by absence of fuel flow 
indication. 


b. Engine fails to accelerate to idle within approx- 
imately 45 seconds after lightup. 


2. Attempt another air start. 
ТЕ the engine cannot be restarted on the normal or emer- 
gency fuel systems, prepare to make a forced landing or 


abandon the airplane. Refer to applicable procedures, this 
Section. 
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MAXIMUM GLIDE 

Maximum glide distances with a windmilling engine are 
obtained with an airspeed of 220 KIAS. See figure 3-2 for 
additional information. 


FIRE 

A steady illumination of the fire warning light is an indi- 
cation of a fire in the forward engine compartment, A 
flashing fire warning light is an indication of a fire in the 
aft engine compartment. The hot section is enclosed in an 
engine-mounted fireproof cannular shroud and there is no 
lateral firewall; thus, a flashing light could be due to a 
fire between the engine shroud and the airplane fuselage 
structure and not merely an overheat of the engine and/or 
airplane structure. Therefore, a warning from one com- 
partment can be considered no less serious than a warn- 
ing from the other. A fire warning may be the result of 
hor gases leaking from the engine or fire fed by fuel 
leaking from the engine and thus is a function of engine 
thrust. Following a fire warning in flight, engine thrust 
should be immediately reduced below the operating poini 
of the afterburner mechanical shutoff (approximately 
80% thrust) and then eased off until the fire warning 
light extinguishes or the minimum thrust necessary to 
maintain safe ejection altitude is reached, In flight the 
throttle should be stop-cocked only after a positive verifi- 
cation of fire has been made. Following a fire warning on 
the ground, however, where power is пог required, the 
engine should be stop-cocked immediately. 


ENGINE FIRE DURING STARTING 
Fire Warning Light Illuminated During Start 


If the engine fire warning light illuminates or there is 
visible evidence of fire during starting or ground opera- 
tions proceed as follows: 

1, THROTTLE — OFF. 


2. Fuel selector switch — OFF (some airplanes). 
If the switch is safety-wired and has been rotated 
or safety wire broken, it must be re-established 
that both valves are open before the next flight 
and before safety wire is replaced. 
Fuel shutoff valve switches — CLOSE 
(other airplanes). 


3. Fire fighting equipment — Summon. 


4. Master switch — OFF (some airplanes); TRIP, 
then OFF (other airplanes). 


5. Abandon the airplane. 


Excessive Exhaust Gas Temperature During Start 
1. Starting air — Connected. 


Signal crew chief to connect a supply of com- 
pressed air to the high-pressure pneumatic 
ground connection for motoring. 
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EDIATE AIRSTART ; 

гэж: cp + E: 
[BUTTON — DEPRESS (AIRPLANES WITH ALL 
,POINTS IGNITION}. 


ATTEMPT IMMEDIATE AIR START ВУ DEPRESSING AND HOLD- 
ING THE IGNITION BUTTON. MOVE THROTTLE INBOARD (IF IN 
AFTERBURNER}. SLOWLY RETARD TO (DLE AS RPM DROPS. 

| RESTARTING | 

(IMMEDIATE AIRSTART NOT POSSIBLE) 


THROTTLE—OFF (IMMEDIATE RELIGHT NOT 08- 
TAINED AND AIRPLANES. WITHOUT ALL POINTS 
IGNITION). 


MÀ 


| 


DUE TO EXCESSIVE ALTITUDE LOSS AT OTHER THAN BEST GLIDE Š 
SPEED, 220 KNOTS IAS 15 RECOMMENDED FOR ALL AIR STARTS. 7 
THE PROBABILITY OF A RELIGHT AT 220 KNOTS JAS INCREASES 
y 
AC BUS SWITCH—EMER [SOME AIRPLANES); RESET, | 
THEN ON (OTHER-AIRPLANES). 


LOW APPROXIMATELY 35,000 FEET. 

ENGINE WINDMILLING RPM IS INSUFFICIENT TO PROVIDE NOR- | 
MAL AC GENERATOR OPERATION. THE EMERGENCY AC GENER- | 
ATOR SHOULD BE ENERGIZED TO SUPPLY АС POWER FOR | 
FLIGHT AND ENGINE INSTRUMENTS. 


NOTE 
LOSS OF MAIN AC GENERATOR WILL CAUSE LOSS OF BOOSTER S: 
PUMP OPERATION. е” ] 


FUEL CONTROL SWITCH—EMERGENCY 


(ІР REQUIRED) 


N 
IF FUEL CONTROL FAILURE 15 SUSPECTED, PLACE FUEL 
CONTROL SWITCH TO EMERGENCY AND CHECK 4 
THAT EMERGENCY FUEL CONTROL WARNING LIGHT / 
ILLUMINATES. ] У 


/ | — FUEL CONTROL PANEL — CHECK 
\ 5 | FUEL SELECTOR SWITCH —ENGINE (SOME AIRPLANES). 


FUEL VALVE SHUTOFF SWITCHES —OPEN (OTHER AIRPLANES). 
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Figure 3-1 
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ro 


r start р 


Q 
| 
> RPM 15% ТО 30% \ 
! ARSTAVTS SHOULD BE MADE WITH ENGINEWINDILNG (У 
BETWEEN, 15. AND..30. PERCENT. RPM.-AN AIRSPEED 
: KNOTS AS WILL PROVIDE THIS RPM BETWEEN SEA LEVEL AND 6 
С) APPROXIMATELY 35,000 FEET. Аб ALTITUDE INCREASES, RPM 


WILL INCREASE. 


3 
7 > 2 
ЦИНЬ 
| WARNING 
ІР HYDRAULIC PRESSURE FOR FLIGHT CONTROL OPERATION BECOMES MARGI- 


NAL AT LOW ENGINE RPM, EXTEND THE ВАТ 


19 DEPRESS AND HOLD IGNITION -BUTTON: THROTTLE 
OUTBOARD TO START. (AIRPLANES WITHOUT ALL 
POINTS. IGNITION.) 
7 NOTE 


П Б NECESSARY ТО MOVE THE THROTTLE FULL OUTBOARD TO START POSI- 
TION TO ARM THE IGHITION CIRCUIT ON SOME AIRPLANES. 


THROTTLE—IDLE | 


RPM 60% TO 80%, THEN 
RELEASE IGNITION. BUTTON 


| 

| 

| - 1. DC GENERATOR SWITCH —RESET THEN ОМ 
5 2. AC BUS SWITCH —NORMAL 

| 3. BOOSTER PUMP SWITCHES—OFF 

1 


NOTE 
` TURN BOOSTER PUMPS OFF ТО REDUCE LOAD ON АС GEHERATOR: 
4: AC GENERATOR SUTO RESET THEN ON 


|| T 
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"MODEL: F-102A 
з 1 JULY 1958 


E: 
DATA BASIS: FLIGHT TEST 


Moe жел augus molde селт = = 


чо 


ч 
© 


ALTITUDE— 1,000 FEET 


n 30 45 
| GROUND DISTANCE—NAUTICAL MILES 


Figure 3-2 


Note 
In the event that a ground cart is not available, 
air for motoring the engine may be takeri from 
the airplane high-pressure pneumatic system 
supply flasks by opening the manual shutoff 
valve in the left main landing gear wheel well. 


2. Engine ignition disconnect switch — OFF. 
While in the main wheel well, crew chief lifts 
the switch guard and actuates the engine ignition 
disconnect switch. 


Note 
With the switch in the OFF position, the com- 
bustion starter may be fired but the engine will 
not light up since the engine ignition has been 
disconnected. 


3. THROTTLE — OFF. 
4. Boost pump switches — OFF. 
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WINDMILLING OR FROZEN ENGINE 
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glide di 


BASED ON: GEAR UP, SPEED BRAKES CLOSED, | 

RAM AIR TURBINE EXTENDED, КО EXTERNAL 

TANKS, NO WIND. | 
| 


BEST GLIDE SPEED 220 KNOTS IAS 


NOTE : Ы 
е GUIDE DISTANCE WITH GEAR DOWN IS APPROXIMATELY 
ONE-HALF THE GLIDE DISTANCE OF A CLEAN AIRPLANE, 


е GLIDE DISTANCE 5 APPROXIMATELY 15 NAUTICAL MILES | 
PER 10,000 FOOT DESCENT. 


5. Fuel selector switch — OFF (some airplanes). 


If the switch is safety-wired and has been rotated 
or safety wire broken, it must be re-established 
that both valves are open before the next flight 
and before safety wire is replaced. 

Fuel shutoff valve switches — CLOSE 

(other airplanes). 


6. Throttle — START. 


Move throttle outboard to START to air motor 
the starter. Hold this position until rpm indica- 
tion is evident on the tachometer. 


7. Ignition button — Depress. 


8. Throttle — OFF. 
As soon as definite rpm indication is noted, hold 
ignition button and move throttle inboard to the 
OFF position. This will fire the combustion 
starter and aid in clearing the engine. 


Ç 


Q 


5 
О 
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9. Ignition button — Release. 
Release the ignition button after the engine 
clears or if the fire cannot be extinguished by 
clearing. 


10. Abandon the airplane. 


ENGINE FIRE DURING TAKEOFF 

Тһе exact procedure to follow for a fire warning during 
takeoff depends on the condition of the emergency. Air- 
speed, altitude, length of runway and overrun available, 
location of populated areas, etc., have to be considered 
before the required action is taken. The following pro- 
cedures are recommended: 


1. If runway and overrun area permit, abort takeoff; 
refer to ABORT, this Section. 
2. If committed to takeoff: 
a. External tanks jettison button— Depress (if 
required). 
Jettison the external tanks if tanks are 
installed and contain fuel and drop area is 
unpopulated. 


b. MAINTAIN MAXIMUM THRUST UNTIL SAFE 
EJECTION ALTITUDE 15 REACHED. 

Adjust thrust to maintain safe ejection 
altitude. 

€. Check for fire. 
Check for positive indications of fire, such as 
abnormal engine instrument readings, smoke 
in cockpit, trailing smoke or flame, or report 
from ground or another airplane. 

d. IF FIRE EXISTS — EJECT. 


е. If fire cannot be confirmed, make decision to 
land or eject. 


Note 
See figure 3-4 for emergency minimum ejection 
altitudes. 


ENGINE FIRE IN FLIGHT 


1. REDUCE THRUST. 
Reduce thrust to minimum necessary to maintain 
safe ejection altitude. 


At high altitude, compressor stall may occur as 
a result of large thrust reductions. Exhaust gas 
temperature may rise as a result of compressor 
stall and should not be taken as a positive indi- 
cation of fire. 


2. If warning light extinguishes: 


a. Check warning light. 


Section Ill 


b. Continue flight at minimum safe thrust. 
c. Land as soon as practicable. 


3. If warning light remains оп — Check for fire. 
Determine whether a fire actually exists by a 
report from another airplane or the ground, 
fumes, heat, cockpit smoke, trailing smoke fol- 
lowing a turn, abnormal airplane responses, or 
abnormal engine instrument readings. 

4. Fire not evident by check: 

a. Continue flight ас minimum safe thrust. 

b. Land as soon as possible. 

5. Fire evident: 

a. Throttle — OFF. 

b. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE (other 
airplanes). 

c. Master switch — OFF (some airplanes); TRIP, 
then OFF (other airplanes). 


Note 
The fire warning system is deactivated by turn- 
ing off the master switch and the fire warning 
light will go out. 
G. If fire ceases — Eject or make forced landing. 


7. IF FIRE CONTINUES — EJECT; REFER TO EJEC- 
TION PROCEDURES, THIS SECTION. 


ENGINE FIRE AFTER SHUTDOWN 


If engine fire is suspected after engine shutdown on 
the ground, use the following procedure for clearing the 
engine: 
1. Starting air — Connected. 
Signal crew chief to connect a supply of com- 


pressed air to the high-pressure pneumatic 
ground connection for motoring. 


Note 
In the event that a ground cart is not available, 
air for motoring the engine may be taken from 
the airplane high-pressure pneumatic system 
supply flasks by placing the manual shutoff valve 
in the left main landing gear wheel well to the 
AIRCRAFT position. 


2. Engine ignition disconnect switch — OFF. 
While in the main wheel well, crew chief lifts 
the switch guard and actuates the engine igni- 
tion disconnect switch. 


Note 
With the switch in the OFF position, the com- 
bustion starter may be fired but the engine will 
not light up since the engine ignition has been 
disconnected. 
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3. THROTTLE — CHECK OFF. 
4. Boost pump switches — Check OFF. 
5. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE 
(other airplanes). 
6. Ignition button — Depress and hold. 
7. Throttle — START. 
Move throttle outboard to START to air motor 
the starter. Hold this position until rpm indica- 
tion is evident on the tachometer. 
8. Throttle — OFF. 
As soon as definite rpm indication is noted, hold 
ignition button and move the throttle inboard to 
the OFF position. This will fire the combustion 
starter and aid in clearing the engine. 
9. Fire fighting equipment — Summon (if necessary). 
10. Ignition button — Release. 


Release the ignition button after the engine 
clears or if the fire cannot be extinguished by 
clearing. 


11. Abandon the airplane (if fire continues). 


ELECTRICAL FIRE 


There is no system to warn. of electrical fire in this air- 
plane. Circuit breakers protect most of the circuits and 
tend to prevent electrical fire. If an electrical fire occurs, 
however, and its source cannot be readily determined vis- 
ually, attempt to isolate and eliminate the fire as follows: 
1. AC and dc generator switches—OFF. 
Turn the generator switches OFF to eliminate 
electrical power to the nonessential buses. 
2. Emergency AC generator-ON. 
Turn the emergency ac generator on to energize 
the essential buses and the emergency dc bus. 
3. Master switch-OFF (if fire or smoke persists). 


4. Land as soon as practicable if fice subsides. 


Note 
It will be necessary to turn the master switch on 
long enough to facilitate speed brakes operation 
if landing is to be made and drag chute opera- 
tion is desired. 


5. IF FIRE CONTINUES AND BECOMES SEVERE — 
EJECT. 


SMOKE, FUMES, OR FOG ELIMINATION 


Should smoke, fumes, or fog enter the cockpit, proceed 
as follows: 


1. Oxygen regulator diluter lever — 100% OXYGEN. 


2. Oxygen regulator emergency toggle lever pushed 
either way from center. 
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3. CABIN AIR SWITCH — RAM (BELOW 25,000 
FEET IF POSSIBLE). 


EJECTION 


Note 
For considerations affecting the decision to eject, 
refer to EJECTION VS FORCED LANDING, 
this Section. 


Every emergency in which ejection is considered will have 
its particular set of circumstances, involving such factors 
as airplane speed, attitude and control, as well as altitude. 
However, a decision should be made before takeoff as 
to what action is to be taken in the event of an emer- 
gency, particularly at low altitude. Тһе ejection seat 
should be used to abandon the airplane in flight. The 
airplane should be slowed as much as possible if at high 
airspeeds and wings should be level. In any low-altitude 
ejection (below 2000 feet) the possibility of success can 
be materially improved by “zooming” the airplane and 
ejecting while the nose of the airplane is above the hori- 
zon (wings level) and the airspeed is above 120 knots. 
The zoom will exchange airspeed for altitude, thus pro- 
viding maximum terrain clearance at time of ejection as 
well as reducing airspeed within safe limits for ejection. 
Ejecting while the nose of .the airplane is above the 
horizon results in a more nearly vertical trajectory of 
the seat and crew member, thus providing more altitude 
and time for seat separation and parachute deployment. 
At low altitudes, a minimum airspeed of 120 KIAS is 
recommended to assure rapid deployment of the chute. 


ө When the airplane is in a descending attitude 
and cannot be leveled, ejection should not be 
delayed as this will reduce the possibility of a 
successful ejection. 


• Under level flight conditions, ejection should 
be accomplished above 2000 feet whenever 
possible. 

* Under spin or dive conditions, ejection should 
be accomplished above 10,000 feet. 


• Eject ас the lowest practical airspeed above 120 
KIAS (lowest practical would be that speed 
below which level flight cannot be maintained). 


If possible, ejection should be made at a speed between 
120 and 525 KIAS since relatively minor forces are 
exerted on the body. Betwen 525 and 600 KIAS, appre- 
ciable forces will be exerted on the body. Above 600 
KIAS, ejection is extremely hazardous since excessive 
forces are exerted on the body. The structural limits of 
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6,000 
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LANYARD 
ENGAGEMENT OPTIONAL 
IN THIS AREA 


ON DESCENT CONNECT BEFORE REACHING 
THIS IS A VARIABLE PRESSURE ALTITUDE SINCE IT 
IS ALWAYS 2000 FEET ABOVE TERRAIN. 


Figure 3-3 [ 


the seat may be exceeded at speeds in excess of 650 KIAS. 
There is no need to quote maximum airspeeds for ејес- 
tion. If the airplane is controllable, airspeed will be 
reduced to as near 120 KIAS as practicable, which elimi- 
nates any high-speed problem. If the airplane is not con- 
trollable, ejection must be accomplished at whatever 
airspeed exists at the time, since ejection offers the only 
opportunity for survival. Speeds and altitudes in which 
the zero delay lanyard is connected or disconnected are 
outlined in the Zero Delay Lanyard Requirements Chart, 
figure 3-3. The chart is self explanatory in that it is 
divided into three positive areas; lanyard connected area, 
lanyard engagement optional area, and lanyard discon- 
nected area, The pressure altitude feet scale indicates 
pressure altitude above sea level. 
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LANYARD DISCONNECTED 7 | 


NOTE: CHUTE FAILURE LIKELY IN THIS AREA IF EJECTION ATTEMPTED WITH 
ZERO LANYARD CONNECTED, | | 


WARNING 


FOR MAXIMUM SAFETY DURING CLIMB QUT, THE LANYARD SHOULD BE DISCONNECTED Г. 5 ~ 
IMMEDIATELY UPON LEAVING THE “LANYARD CONNECTED" AREA. TO AVOID OIS- й 
TRACTION DURING CRITICAL PHASES OF FLIGHT SUCH AS DURING INSTRUMENT OR 
FORMATION RIGHT, IT IS PERMISSIBLE TO DELAY DISCONNECTING THE LANYARD ТО 
ANY POINT WITHIN THE OPTIONAL AREA. IF THE AIRPLANE SHOULD EXCEED THE. 

OPTIONAL AREA, THERE IS HO CAUSE FOR GRAVE ALARM UNLESS THE AIRPLANE | 
САННОТ Bf RETURNED ТО THE OPTIOHAL AREA; OR THE LANYARD CANNOT ВЕ DIS- 
CONNECTED BEFORE EJECTION 1S. 1NITIATED. IN ANY EVENT, WHEN CHART LIMITS ARE 
EXCEEDED, DISCONNECT THE LANYARD AS SOON AS POSSIBLE TO MINIMIZE TIME ІН 
THE UNSAFE AREA, 


• The lanyard connected area is a variable pres- 
sure altitude area the top of which is always 
2000 feet above the surrounding terrain. 


@ With the zero delay lanyard connected, the 
maximum speed for ejection must be as indi- 
cated on the Zero Delay Lanyard Engagement 
Requirements Chart, figure 3-3, to avoid para- 
chute failure. 


The Emergency Minimum Ejection Altitudes Table is 
presented on figure 3-4 and covers all possible combi- 
nations of seats, belts, and parachutes. The figures given 
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š NOTE 
• DO NOT MANUALLY OPEN THE AUTOMATIC OPENING SAFETY BELT PRIOR 
TO EJECTION AT ANY ALTITUDE. 


* AFTER A 1 SECOND TIME DELAY THE SAFETY BELT WILL AUTOMATICALLY | 
OPEN, THE FORCE REQUIRED TO SEPARATE THE PILOT FROM THE SEAT IS 
SUFFICIENT TO BREAK ALL PERSONAL LEAD- CONNECTIONS. | 

| 
| 


TO PREVENT EXPLOSIVE DECOMPRESSION AT HIGH ALTITUDE, PLACE CABIN 
; AIR SWITCH TO RAM. 


1 PLACE ARMS ON ARMRESTS AND PULL EITHER OR BOTH HANDGRIPS 10 
| ЈЕТТІЅОМ CANOPY. (SHOULDER HARNESS AUTOMATICALLY LOCKS WHEN 
‚ HANDGRIPS ARE RAISED.) 


| 


\ 4 €i | SQUEEZE EITHER OR BOTH TRIGGERS TO EJECT SEAT. 


EMERGENCY MINIMUM ALTITUDES FOR EJECTION (LEVEL FLIGHT) 


“2 2, SECOND 1 SECOND 0 SECOND: 
БЕТТІ 
"THESE ARE EMERGENCY MINIMUMS. EJECTION SHOULD 
BE STARTED ABOVE 2000 FEET ЈЕ POSSIBLE. 


© ATLOW ALTITUDES, A MINIMUM: AIRSPEED OF 120 KIAS 


AUTOMATIC SAFETY BELT 
WITH 1 SECOND 
(М 
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BEFORE EJECT 
CONDITIONS: 


» THROTTLE ~ OFF: 
2, STOW ALL LOOSE EQUIPMENT. 
. IFF TO EMERGENCY, 
ACTUATE BAILOUT OXYGEN BOTTLE. (SURVIVAL KIT OXYGEN WILL BE 
FURNISHED AUTOMATICALLY UPON EJECTION.) 
5. TIGHTEN (CHIN STRAP OF HELMET AND: LOWER VISOR, 
1 6, SITERECT, BRACE ARMS IN ARMRESTS, HOLD UPPER ARMS AND ELBOWS 
TIGHTLY. AGAINST BODY, HEAD BACK HARD AGAINST HEADREST WITH 


CHIN TUCKED IN. 
WARNING 


| ө UNDER LEVEL FLIGHT CONDITIONS, EJECTION SHOULD BE ACCOMPLISHED 
! ABOVE 2000 FEET WHENEVER POSSIBLE. 


1 @ UNDER SPIN OR DIVE CONDITIONS, EJECTION SHOULD. BE ACCOMPLISHED 
г ABOVE 10,000 НЕТ. 


æ EJECT AT THE LOWEST PRACTICAL AIRSPEED ABOVE 120 KIAS (LOWEST 
| PRACTICAL WOULD BE THAT SPEED BELOW WHICH LEVEL FLIGHT CANNOT 
| ВЕ MAINTAINED). ' 

Í @ 00 NOT MANUALLY OPEN THE AUTOMATIC OPENING SAFETY BELT PRIOR 

TO EJECTION: . 

| @ IF POSSIBLE, PRIOR ТО EJECTION, THE PILOT SHOULD ATTEMPT TO TURN THE 
AIRPLANE TOWARD AN AREA WHERE INJURY OR DAMAGE TO PERSONS OR 
PROPERTY ON THE GROUND OR WATER IS LEAST LIKELY TO OCCUR. 


| 


EXCESS SPEED TO. GAIN ALTITUDE. 


| 

| IF CANOPY FAILS TO JETTISON, 

| RELEASE CANOPY AS FOLLOWS 

| 1. CANOPY JETTISON HANDLE— RAISE. 

7 ІРСАКОРУ 5 STHL ON . у 
! 1. MASTER SWITCH —OFF (SOME. AIRPLANES) TRIP, THEN ОРЕ (OTHER 
| AIRPLANES). ` 

t @anory LATCH HANDLE—PULL FULL OUT. 


3, PUSH CANOPY INTO: AIRSTREAM. 
4. MASTER SWITCH—ON AT PILOT'S DISCRETION, 


A WARNING 
IF THE CANOPY CATAPULT FAILS TO FIRE, THE EJECTION SEAT WILL NOT 
Бн AIRPLANES AP 55-3427 THRU 56-1429 UNLESS MODIFIED ВУ 


` AFTER EJECTION 


, 1, AFTER EJECTION, ATTEMPT TO "BEAT" THE AUTOMATIC SAFETY BELT, 
Í  THEN IMMEDIATELY PUSH AWAY FROM SEAT WITH A POSITIVE ACTION. 
! 2, IF AUTOMATIC. SAFETY BELT FAILS AND SAFETY BELT |5 RELEASED MAN- 
| UALLY, PULL PARACHUTE ARMING LANYARD. ТЕ ABOVE 14,000 FEET. 
| Э. MANUALLY PULL RIPCORD HANDLE IMMEDIATELY FOLLOWING SEPA- 
RATION FROM SEAT FOR ALL EJECTIONS BELOW 14,000 FEET. 
| 4. IF WEARING А SURVIVAL KIT, AFTER PARACHUTE HAS OPENED AND 
STABILIZED, RAISE SURVIVAL KIT EMERGENCY. RELEASE HANDLE. THIS 
WILL SUSPEND LIFE RAFT AND SURVIVAL KIT BELOW PILOT AND PRE- 
VENT INJURY ОМ LANDING. 


WARNING 


9110 NOT RAISE EMERGENCY RELEASE, HANDLE UNTIL AFTER PARACHUTE 
DEPLOYMENT TO PREVENT THE KIT OR LANYARO FROM FOULING THE 


! 
! 
| 
| 
Џ 
i 


ә WHEN EJECTING-AT.LOW ALTITUDES, (BELOW 2000 FEET), PULL THE NOSE 
OF THE AIRPLANE ABOVE THE HORIZON, ІР AT ALL POSSIBLE, AND USE: 
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are for level flight attitudes and are amply safe for climbs 
but inclined to be too optimistic for descending flight 
attitude. In order to use the chart, the style of auto- 
matic parachute and type of canopy, pack, and automatic 
release must first be determined. These are defined in 
Т.О. 14D1-1-1. Once a minimum altitude has been deter- 
mined for a particular configuration of equipment, the 
decision whether or not to eject in an emergency should 
be made in conjunction with the circumstances at hand 
and not by the fact that the airplane is above or below 
the minimum altitude as determined from these figures. 


Emergency minimum ejection altitudes pre- 
sented on figure 3-4 were determined through 
extensive flight tests and are based on distance 
above terrain on initiation of seat ejection (i.e., 
time seat is fired). These figures do not pro- 
vide any safety factor for such matters as equip- 
ment malfunction, delays in separating from the 
seat, etc. These figures are quoted only to show 
the minimum altitude that must be achieved in 
the event of such low altitude emergéncies as 
fire on takeoff. They shall not be used as the 
basis for delaying ejection when above 2000 
feet since accident statistics show a progressive 
decrease in successful ejections as altitude 
decreases below 2000 feet. Therefore, whenever 
possible, eject above 2000 feet. 


See figure 3-4 for ejection procedures. On ejection, the 
seat and pilot will have a component of thrust provided 
by the airplane, The automatic opening belt and para- 
chute are timed to provide the most desirable sequence 
under these conditions and will achieve the desired results 
faster than manual operation. Therefore, the automatic 
belt shall not be opened prior to ejection regardless of 
altitude because of several serious disadvantages, the most 
important of which are that the automatic opening feature 
of the parachute is eliminated, and crew member separa- 
tion from the seat may be too rapid at high speeds. 


Immediately after ejection, attempt to manually 
open the seat belt. This is strictly а précaution- 
ary measure in case the belt fails to open auto- 
matically. If the belt is operating normally, it 
will be impossible to "beat" the automatic open- 
ing action. 


As soon as the safety belt releases, a determined effort 
must be made to separate from the seat to obtain full 
parachute deployment at maximum terrain clearance. 
THIS IS EXTREMELY IMPORTANT FOR LOW- 
ALTITUDE EJECTIONS. 
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ө If-the seat belt is opened manually, the auto- 
matic feature of the parachute is eliminated. 
"Therefore, under these circumstances, the para- 
chute arming lanyard must be pulled if above 
14,000 feet or the ripcord handle must be pulled 
if below 14,000 feet. 

• Manually pull the parachute ripcord handle 
immediately following seat separation for all 
ejections below 14,000 feet. This is strictly a 
precautionary measure since the parachute 
should deploy automatically. 

* Positive seat separation must be achieved prior 
to pulling the parachute ripcord handle to pre- 
clude parachute entanglement with the ejection 
seat. 


Release survival kit after parachute is fully deployed and 
stabilized, and a safe altitude for breathing without sup- 
plemental oxygen is reached. 


Note 

Normally, the kit may be released as soon as 
the parachute stabilizes since the automatic 
opening device will not deploy the chute until 
а safe breathing altitude is reached. However, 
if for any reason the parachute deploys at a 
high altitude, do not release the survival kit 
until reaching a safe altitude for breathing with- 
out supplemental oxygen because releasing the 
kit cuts off the emergency oxygen supply. 


TAKEOFF AND LANDING EMERGENCIES 
ABORT 


An aborted takeoff, regardless of cause, should Бе accom- 
plished with landing gear extended. Use the following 
procedures if а takeoff is aborted prior to becoming 
airborne. 


1. Throttle — OFF. 
2. Drag chute handle — Pull. 
3. External tanks jettison button — Depress 
(i£ required). 
If it is apparent that the airplane cannot be 
stopped on the runway, the external tanks should 
be jettisoned immediately. 
4. Brakes— As required. 
5. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE 
(other airplanes). 
6. Master switch — OFF (some airplanes); TRIP, 
then OFF (other airplanes). 
7. Зћош ес harness inertia reel handle — LOCKED. 
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The pilot is prevented from bending forward 
when the shoulder harness is locked; therefore, 
all switches not readily accessible should be 
"cut" before locking the shoulder harness inertia 
reel. 


8. Canopy — Jettison (if necessary). 
Raise the canopy jettison handle on the left-hand 
armrest if it is necessary to jettison the canopy. 


ТЕ canopy is to be jettisoned, make sure it is 
jettisoned before the airplane comes to a com- 
plete stop. Otherwise, sparks from the canopy 
remover may cause a fire if fuel is spilled in the 
vicinity of the airplane, or the canopy may 
become jammed. 


9. Abandon the airplane as soon as possible. 


Тһе cockpit side rails are approximately eight 
feet above the ground. Exercise care when aban- 
doning the airplane to prevent bodily injury. 


FLAT TIRE DURING TAKEOFF 


If a main landing gear tire is blown on takeoff, and suf- 
ficient runway is available, abort the takeoff (refer to 
ABORT, this Section). Deploy the drag chute and use 
differential braking and nose wheel steering to maintain 
directional control. As speed decreases, if vibration or 
зћитту increases, lock the brake оп the wheel with the 
blown tire. If (һе nose wheel tire has blown out, the 
brakes should be used for primary directional control 
and the drag chute should be deployed to reduce landing 
roll and nose wheel shimmy. Full up elevator should be 
used to relieve as much pressure as possible on the nose 


wheel. 


With a blown tire, directional control is more 
difficult and braking efficiency is greatly reduced 
at high gross weights. 


If an abort cannot be accomplished because of insufficient 
runway, continue the takeoff. 
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Do not raise the gear until it has been deter- 
mined visually from the ground or another air- 
plane that no fire exists, and that further dam- 
age will not be incurred by raising the gear. 


Landing gross weight should be reduced, if possible, 
and landing accomplished as directed in FLAT TIRE 
LANDING, this Section. 


EJECTION VS. FORCED LANDING 


Normally, ejection is the best course of action with a 
windmilling or frozen engine, or failure of both the pri- 
mary and the secondary hydraulic systems. However, 
because of the many variables encountered, the final 
decision to attempt a flameout landing or to eject must 
remain with the pilot. It is impossible to establish a prede- 
termined set of rules and instructions that would provide 
a ready made decision applicable to all emergencies of 
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this nature. The basic conditions listed below, combined 
with the pilot's analysis of the condition of the airplane, 
type of emergency, and his proficiency are of prime 
importance in determining whether to attempt a flameout 
landing or to eject. These variables make a quick and 
accurate decision difficult. If the decision is made to eject, 
prior to ejection, if possible, the pilot should attempt to 
turn the airplane toward an area where injury or damage 
to persons or property оп the ground or water is least 
likely to occur. Before a decision is made to attempt a 
flameout landing, the following basic conditions should 
exist: 


а. Flameout landings should be attempted only by 
pilots who have satisfactorily completed simulated 
flameout approaches in this airplane. 


b. Flameout landings should be attempted only on a 
prepared or designated suitable surface. 


c. Approaches to the runway should be clear and 
should not present a problem during flameout 


approach. 


Мо attempt should be made to land a flamed-out 
airplane at any field where approaches are over 
heavily populated areas. If possible, prior to 
ejection, the pilot should attempt to turn the 
airplane toward an area whete injury or damage 
to persons or property on the ground or water 
is least likely to occur. 


4. Weather and terrain conditions must be favorable. 
Cloud cover, ceiling, visibility, turbulence, surface 
wind, etc, must not impede in any manner the 
establishment of a proper flameout landing pattern. 


Night flameout landings, or flameout landings 
under poor lighting conditions, such as at dusk 
or dawn, should not be contemplated regardless 
of weather or field lighting. 


€. Flameout landings should be attempted only when 
either a satisfactory "high key" or "low key" posi- 
tion can be achieved. 


f. If at any time during the flameout approach, condi- 
tions do not appear ideal for successful completion 
of the landing, ejection should be accomplished. 
Eject no later than the "low key" altitude. 
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FORCED LANDING 


АП landing emergencies involving landing on prepared 
or unprepared. surfaces should be made with the landing 
gear extended. The extended gear, even on reasonably 
rough terrain, provides an absorption of the initial shock 
resulting in less injury to the pilot and damage to the 
airplane, The inherent nose-high landing attitude of this 
airplane will result in severe "slap" to the ground if the 
tail section is permitted to take the initial shock of a 
wheels-up landing. Whenever the terrain is unknown or 
unsuited for forced landings, or whenever the landíng 
gear cannot be extended, consideration should be given 
to the use of the ejection seat. This recommendation is 
made because of the increasing incidence of vertebral 
injuries (especially spinal compression fractures) to pilots 
during forced landings of other high-performance air- 
craft. ЈЕ а crash landing is to be таде, the canopy should 
be jettisoned just before touchdown to preclude jamming 
in the event of fuselage buckling. Whenever the canopy 
is jettisoned in the normal landing speed range during a 
landing emergency, no noticeable change in flight charac- 
teristics should be experienced and wind blast in the cock- 
pit should be mild, At speeds lower than 175 KIAS 
the canopy may strike the tail. However actual emergency 
experiences indicate that airplane control is not affected. 


Note 

9 Salvo firing is the only method of jettisoning 
the armament load as no mechanical release is 
provided. 

9 If it is desired to salvo armament prior to mak- 
ing a forced landing or ditching, the area must 
be clear for sufficient distance to allow the 
armament propellant to burn out and the arma- 
ment to fall to earth in the clear area. 

9 Тһе helmet visor should be lowered during any 
emergency landing. The visor provides eye pro- 
tection from impact or flying objects and from 
wind blast after the canopy is jettisoned. 


Тһе handling characteristics of the airplane during а 
flameout landing are satisfactory. Immediately after 
flameout, jettison external tanks and establish and main- 
tain best glide speed of 220 KTAS until sure of reach- 
ing the field. Turn off all electrical equipment not 
essential for flight. The hydraulic systems operate satis- 
factorily, maintaining adequate pressure and capacity 
with windmilling engine. 


Note 
If a frozen engine has resulted, the secondary 
hydraulic system will not supply pressure to 
operate the following systems: 


9 Emergency ac generator 
9 Speed brakes 


9 Landing gear retraction 


О Со 


T.O. 1F-102A-1 


If sufficient hydraulic pressure is available with а wind- 
milling engine the RAT is not extended at the time of 
flameout, it should be extended at 2500 feet in the forced 
landing pattern. Gear extension should be accomplished 
when entering the 10,000-foot high key point. 


Note 
9 In planning the landing when the gear is to be 
lowered by the emergency system, one minute 
should be allowed for gear extension time on 
some airplanes.* On other airplanes** emer- 
gency extention should not require more than 
ten seconds. 


9 Nose wheel steering is inoperative when gear is 
extended by emergency system, 


1f secondary hydraulic pressure is available and the gear 
is extended using normal extension, the main gear will 
extend and lock immediately and nose gear will lock in 
approximately 15 seconds, During che glide approaching 
pattern with the gear up, rate of descent is approximately 
3000 feet per minute, Áfter the gear is extended, rate of 
descent will range from about 4500 feet per minute in 
winps-level flight to about 6000 feet per minute in a 
45-degree bank. Because of this relatively high rate of 
descent, the flare should be started approximately 200 feet 
above the ground. Windmilling engine rpm at touchdown 
speed of 160 knots is 10 to 12 percent. Brake effectiveness 
does not noticeably decrease during the landing roll even 
with excessive use of brakes. At seven to eight percent 
rpm and 90 to 100 knots during the ground roll, hydrau- 
lic capacity becomes too low to recover from control 
requirements and the stick becomes sluggish and freezes. 
For the purpose of making simulated forced landings, it 
has been determined that a power setting of 76 percent 
rpm with speed brakes fully extended will simulate flame- 
out conditions, Figure 3-5 contains recommended pro- 
cedures and techniques for a forced landing on suitable 
terrain. 


BELLY LANDING 


If forced to make a gear-up landing, proceed as follows: 


If conditions permit, salvo the armament. 


1. External tanks jettison button — Depress (if 
required). 

Depress the external tanks jettíson button to jet- 
tison the external tanks if tanks are installed and 
contain fuel. If external tanks are empty, it is 
recommended that they be retained to cushion 
the impact unless landing is to be made on ап 
unprepared surface. 


F 22:50) then 56-1518 unless modified by ТСТО 1F-102-655, 
F 


7-770 6 on, б airplanes modified by ТСТО 1F-102-655. 


Section 111 


2. Make normal approach. 
3. LANDING GEAR HANDLE — DOWN. 
4. Shoulder harness inertia reel handle — LOCKED. 


The pilot is prevented from bending forward 
when the shoulder harness is locked; therefore, 
all switches not readily accessible must be "cut" 
before moving the shoulder harness inertia 
handle to LOCKED position. 


5. Immediately before touchdown: 
a. Speed brakes switch — OUT. 


Open speed brakes to allow drag chute 
deployment. 


b. Throttle — OFF. 

c. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE (other 
airplanes). 

d. Canopy jettison handle — Raise. 


Raise canopy jettison handle on the left arm- 
rest to jettison the canopy. 


Make sure canopy is jettisoned before touch- 
down, Otherwise, sparks from the canopy 
remover may cause a fire if fuel is spilled in 
the vicinity of the airplane, or the canopy may 
become jammed. 


6. Normal landing attitude for touchdown. 
7. Drag chute handle — Pull. 
8. Master switch — OFF (some airplanes); TRIP, then 
OFF (other airplanes). 
9. Abandon the airplane, 
When the airplane stops, abandon immediately. 


ANY ONE GEAR UP OR UNLOCKED 


If landing is to be made with partial gear extension, pro- 
ceed as follows: 


Note 
If cime and conditions permit, request runway 
be foamed as soon as possible to assist direc- 
tional control and decrease fire hazard. 


1. External tanks jettison button — Depress 
(if required). 
Depress the external tanks jettison button to jet- 
tison the external tanks if tanks are installed 
and contain fuel. If external tanks аге empty, it 
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| HIGH KEY | 
ALTITUDE 10,020 FT OVER TOUCHDOWN POINT 
GEAR EXTENDED 

| RATE OF SINK 4500 TO 5300 FPM | 


ENTERING PATTERN 


SPEED 220 KNOTS IAS 
EMERGENCY AC GENERATOR ON 


aS + 


PRIOR TO FLARE 


SPEED 200 KNOTS IAS 
RATE OF SINK 3200 TO 4300 FPM 


4 


TOUCHDOWN 
SPEED 10 KNOTS IAS 


SA ых. 


Figure 3-5 
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HOTE 

ө WHEN GEAR 15 EXTENDED AT HIGH KEY, DRAG WILL BE INCREASED CONSIDERABLY AND 
CAUTION SHOULD BE USED TO CONTROL PITCH ATTITUDE TO PREVENT AIRSPEED FROM 
FALLING BELOW 220 KIAS. 


« SETTISON EXTERNAL WING TANKS PRIOR TO TOUCHDOWN (IF INSTALLED). 
© JETTISON CANOPY JUST PRIOR TO TOUCHDOWN IF BELLY LANDING MUST BE MADE 


© ESTABLISH WINGS LEVEL ATTITUDE BEFORE STARTING FLARE, ІР POSSIBLE, TO INSURE FULL J 
RIGHT CONTROL RESPONSE DURING THE FLARE. 


«е IF A FROZEN ENGINE HAS RESULTED, THE SECONDARY HYDRAULIC SYSTEM WILL NOT SUP- 
PLY PRESSURE TO OPERATE THE FOLLOWING SYSTEMS: 


A. EMERGENCY AC GENERATOR 
B. SPEED BRAKES 
C NORMAL DRAG CHUTE DEPLOYMENT 
D. EMERGENCY GEAR RETRACTION 
Е. NOSE WHEEL STEERING 
F. NORMAL LANDING GEAR EXTENSION 
kaa STEERING 15 INOPERATIVE WHEN GEAR IS EXTENDED BY THE EMERGENCY 


ALTITUDE 5500 FT ABOVE FIELD ELEVATION 
ADJUST LOW KEY POINT TO CONTROL ALTITUDE. 


i 
i на Ї 1 | 
| WARNING | 

PAM 220 KNOTS IAS UNTIL ASSURED OF REACHING THE | 
- 4 і 
ы i : WARNING 
Ё * ALL LANDINGS SHOULD BE MADE WITH LANDING GEAR EXTENDED, EVEN IN THE EVENT OF 
А DAMAGED OR MISSING TIRE OR WHEEL. OR WHEN ONLY PARTIAL GEAR EXTENSION IS 
POSSIBLE. 
© iF TERRAIN IS UNKNOWN OR CONDITIONS ARE UNSUITABLE FOR FORCED LANDING, EJECT. 
A | IREFER TO EFECTION VS FORCED LANDING THIS SECTION.) , 
i А | 
Е. 
і а 
й й = =. + 
07022. Q . i 
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3-19 
х 


Section III 


із recommended that they be retained to cushion 
the impact unless landing is to be made on an 
unprepared surface. 

2. Plan normal landing. 
Plan normal approach and touchdown and pro- 
vide maximum distance for ground roll. 


3. Shoulder harness inertia reel handle — LOCKED. 


The pilot is prevented from bending forward 
when the shoulder harness is locked; therefore, 
all switches not readily accessible should be 
"cut" before moving the shoulder harness inertia 
reel handle to LOCKED position. 


4. Immediately before touchdown: 


a. Speed brakes switch — OUT. 

Open the speed brakes to allow drag chute 
deployment. 

b. Throttle — OFF. 

с. Fuel selector switch — OFF (some airplanes). 
Fuel shutoff valve switches — CLOSE (other 
airplanes). 

d. Canopy jettison handle — Raise. 

Raise canopy jettison handle on the left arm- 
rest to jettison the canopy. 


Make sure canopy is jettisoned before touch- 
down. Otherwise, sparks from the canopy 
remover may cause a fire if fuel is spilled in 
the vicinity of the airplane, or the canopy may 
become jammed. 


5. After touchdown: 


a. Drag chute handle — Pull. 
b. Master switch — OFF (some airplanes); TRIP, 
then OFF (other airplanes). 
c. Hold faulty gear off the ground. 
Hold the up or unlocked gear off the ground; 
then before flight controls become ineffective, 
ease the faulty gear down. 
d. Braking technique — As required. 
ТЕ the faulty gear is the nose gear and does 
not collapse upon touchdown, do not use 
brakes if a safe stop can be made without 
them. 
6. Abandon the airplane. 
When the airplane stops, abandon immediately. 
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FLAT TIRE LANDING 

Use normal landing pattern if blown tire is known prior 
to landing. If either main landing gear tire blows out, 
differential braking and nose wheel steering should be 
used to maintain directional control. Lower the nose 
wheel to the runway and deploy the drag chute as soon 
as possible. As speed decreases, if vibration or shimmy 
increases, lock the brake on the wheel with the blown 
tire. If the nose wheel tire blows out on landing, the 
brakes should be used for primary directional control 
and the drag chute deployed to reduce landing roll and 
nose wheel shimmy. Because of the extreme shimmy of 
the nose wheel with a blown tire, nose wheel steering 
тау be uncontrollable. When а nose wheel tire blows 
out, trim full up elevator'to relieve as much pressure as 
possible on the nose wheel. 


© If it is known before landing that а main land- 
ing gear tire is flat, the airplane should be 
landed on the left side of the runway when the 
right main landing gear tire is flat or on the 
right side of the runway when the left main 
landing gear tire is flat, The airplane will veer 
in the direction of the flat tire and complete 
directional control may not be possible. 


9 When it is known before landing that the nose 
wheel tire is flat, lower the nose wheel to the 
runway at approximately 110 knots to permit 
making a controlled nose wheel touchdown. 


LANDING WITH ARMAMENT BAY DOORS OPEN 


ТЕ it becomes necessary to land with the armament bay 
doors open due to an in-flight malfunction, the door-open 
configuration will create a considerable increase in drag. 
With the exception of the increased drag, no unusual 
flight characteristics will be evident. Additional thrust 
will be required around the pattern to maintain desired 
airspeeds. Do not increase pattern airspeeds for landing 
with armament doors open. 


RUNWAY OVERRUN BARRIER ENGAGEMENT 


The runway overrun barrier provides an effective means 
of stopping the airplane on the runway after an aborted 
takeoff run or in an emergency landing situation. External 
tanks may foul the arresting cable and therefore should 
be jettisoned prior to engagement. On some airplanes, 
when entering the barrier, there is a possibility of the 
nose wheel overriding the webbing at any engagement 
speed. The chances of successful engagement at low speed 
are also reduced because of the long distance between the 
nose wheel and the main gear. On later airplanes a probe 
has been added on the nose landing gear and a deflector 
over the taxi light to insure that the nose gear engages 
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the webbing, Also, some airplanes* have an extendible 
barrier probe mounted on the centerline of the airplane 
just aft of the missile bay doors. This probe is extended 
simultaneously with the actuation of the drag chute 
and serves as a guide to insure that the arresting cable 
engages the main landing gear. However, the probabil- 
ity of engagement increases as speed increases. Below 
60 knots ground speed the airplane cannot be expected to 
engage the barrier and between 60 and 70 knots ground 
speed engagement is marginal. Above 70 knots ground 
speed the airplane can be expected to engage the barrier if 
the webbing is not overridden. During successful engage- 
ment, structural failure of the gear is not likely, and the 
deceleration forces are negligible. The airplane should 
enter the barrier at a 90 degree angle, although some 
deviation will not preclude successful engagement. Direc- 
tional control of the airplane is normally not difficult to 
maintain if both main landing gear are engaged. Just 
prior to engagement, the throttle should be OFF and 
nose wheel steering engaged. 


Above 80 knots ground speed, nose wheel steer- 
ing becomes sensitive and directional control is 
very difficult to maintain. 


If only one main landing gear is engaged, the airplane 
will veer in the direction of the engaged gear. This 
tendency increases as the engagement speed increases. 
Directional control should be maintained with nose wheel 
steering and differential braking. Brakes should not be 
applied as the barrier is entered because braking will 
lower the nose of the airplane and the pitor boom will 
possibly engage the webbing. 


EMERGENCY ENTRANCE 


The procedure to be used by the rescue personnel when 
assisting a disabled pilot from the airplane following a 
crash landing is contained in figure 3-6. 


DITCHING 


Do not attempt to ditch this airplane except as a last 
resort. Ditching should be attempted only when altitude 
is insufficient for a successful bailout or in the event the 
ejection seat fails to function. (refer со EJECTION, this 
Section.) This recommendation is made because of the 
danger of vertebral injury (especially spinal compression 
fracture) to the pilot during a water landing. The helmet 
visor should be lowered prior to ditching. The visor pro- 
vides eye protection from impact or flying objects and 
from wind blast after the canopy is jettisoned. If ditching 
is unavoidable, proceed as follows: 


1. Follow radio distress procedure. 


2. External fuel tanks button — Depress. 


SAF 57-770 © on, © airplanes modified by TCTO 1F-102-658. 
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3. RAT handle — Pull (if necessary) & hold for four 
seconds. 
Extend the RAT by pulling the RAT handle 
fully out. Hold the handle in the fully extended 
position for four seconds to insure a satisfactory 
extension of the turbine. 


. Oxygen diluter lever — 100% ОХҮСЕМ. 
- LANDING GEAR HANDLE — UP. 
. Shoulder harness inertia reel handle — LOCKED. 


. Master switch — OFF (some airplanes); TRIP, then 
OFF (other airplanes). 


ме A 


8. Canopy jettison handle — Raise. 
Raise canopy jettison handle on the left armrest 
to jettison the canopy just before touchdown. 


9. Normal approach and touchdown. 

Land parallel to swells unless the wind is in 
excess of 25 knots, in which case it is recom- 
mended to land into the wind, touching down 
on the falling side of the wave, if possible. 
Maintain nose-high attitude and touch down as 
slowly as possible with a small rate of descent. 
As the nose of the airplane settles into the water, 
it may tend to flip over due to the intake ducts 
acting as water scoops. 


10. Throttle — OFF at touchdown. 


11. Abandon the airplane as soon as forward motion 
stops. Upon contact with the water, the airplane 
will usually bounce, during which time the sensa- 
tion of being stopped may be experienced. Do not 
unfasten the seat belt until deceleration forces have 
stopped, water spray is noticeable, and water begins 
to enter the cockpit. When leaving the airplane 
retain the survival Кіс if possible (if survival kit 
is installed). 


Note 

The diluter-demand type oxygen regulator is a 
suitable underwater breathing device when the 
regulator is set at 100% OXYGEN. If for some 
reason an immediate escape is not possible this 
equipment may be used for underwater breath- 
ing provided all connections are tight. The 
bailout bottle can be used under water only on 
airplanes equipped with a survival kit. On these 
airplanes, pulling the "green knob" will supply 
oxygen for approximately 12 minutes. 


AFTERBURNER FAILURE 
AFTERBURNER FAILURE DURING TAKEOFF 


Afterburner failure may be noted by a sudden loss of 
acceleration. 


1. If sufficient runway remains to make a safe stop or 
insufficient runway available to continue takeoff at 
military thrust, abort takeoff; refer to ABORT, 
this Section. 
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REMOVE ACCESS DOOR. | 1 У 


V 


IF САМОРҮ FAILS.TO JETTISON OR IF PRESENCE OF FUEL FUMES MAKES JETTISON 
INADVISABLE, GAIN ENTRANCE EITHER BY: 


d: OPENING THE LATCH ACCESS DOOR LOCATED BELOW THE RIGHT-HAND. 
"WINDSHIELD AND PUSHING THE EXTERNAL CANOPY RELEASE HANDLE 
“TOTHE REAR ТО UNLATCH THE CANOPY. AN EXTERNAL GRIP ON THE 
-FORWARD LEFT-HAND SIDE OF THE CANOPY 15 PROVIDED TO ASSIST IN 
¿RAISING THE CANOPY. 


SBREAKING CANOPY GLASS IF EXPEDIENCY OF ENTRY IS OF MAJOR 
,IMPORTANCE..CANOPY GLASS SHOULD BE BROKEN IN THE LOWER, FOR- 
- WARD CORNER ON EITHER SIDE. IT IS ESSENTIAL TO STRIKE HARD BLOWS 
AS NEAR THE. EDGE OF CANOPY FRAME AS POSSIBLE.. 


218714 
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GRASP “Т” HANDLE АМО PULL OUTBOARD APPROXIMATELY ó FEET ТО JETTI- 
SON CANOPY. 

NOTE 

CANOPY WILL DE JETTISONED BY SAME SYSTEM AS INSTALLED FOR CANOPY JETTISON BY PILOT. 
CANOPY Wild TRAVEL UP AND АРТ AND WILL PROBABLY STRIKE THE TAIL. RESCUE PERSONNEL SHOULD 
WATCH PATH OF CANOPY 10 AVOID BEING HIT. 


WARNING: 


IF THE. CANOPY HAS NOT BEEN RELEASED AND ІР SPILLED FUEL IS IN THE VICINITY OF THEAIRPIANE, | 
А FIRE MAY RESULT FROM А HOT POWDER SPARK WHEN THE CANOPY 15 JETTISONED. 


Z= й 
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WHEN ACCESS ТО COCKPIT 15 GAINED, CHECK POSITION. OF EJECTION SEAT N 
HANDGRIPS. | \ 
ROTE ! 4 
TE POT JETTISONED CANOPY 1н PREPARATION FOR CRASH LONG, THE CANOPY JETMSON- HANDLE | PT 7 
SHOULD HAVE BEEN USEM: HOWEVER, RAISING ETHER HANDGRIP ҰШ AISO JETTISON THE CANOPY- | / 
IF THE HANDGRIPS ARE RAISED; SEAT CATAPULT. TRIGGERS ARE EXPOSED. SUBSEQUENT MOVEMENT OF y 


ETHER TRIGGER WILL FIRE THE-CATAPULT AND EJECT THE SEAT FROM THE AIRPLANE. 


А 
[ 
ыы 
DISARM SEAT CATAPULT BY CUTTING WITH HEAVY DUTY CABLE CUTTERS, AS | 5 \ 
SHOWN, OR DISCONNECTING HOSE LEAD TO FITTING AT TOP OF SEAT CATAPULT. i / 


ON AIRPLANES WITH- ROCKET: САТАРИТ INSTALLED, | A 
SEAT BY PUSHING THE QUICK DISCONNECT FITTINGS, OR BY CUT- 
TING WITH HEAVY DUTY CABLE CUTTERS AS SHOWN, ABOVE. 


IF PILOT IS WEARING A PARTIAL PRESSURE SUIT AND HELMET, THEHELMET- 

/'— FACE PLATE MUST BE REMOVED PRIOR ТО RELIEVING ANY PRESSURE? 

y , | THESUIT. IF THE SUIT PRESSURE 15: RELIEVED FIRST, IT IS POSSI 
/ ! RUPTURE THE PILOT'S LUNGS BY FORCING AIR UNDER PRESSURE FRO! 
` | STILL-PRESSURIZED HELMET. THE HELMET FACEPLATE MAY BE REM 
\ 2 BY PULLING DOWNWARD ON. THE GREEN CORD BENEATH CHIN: 

V LIFTING FACEPLATE FREE. 


/ 1 
А 7 | PULL YELLOW: SURVIVAL KIT "EMERGENCY RELEASE” HANDLE TO, DIS- 
' CONNECT THE HARNESS AND PERSONAL LEADS BUNDLE. 57: 


Г wor P 
© OH:SOME AIRPLANES, THE RUBBER LIFE RAFT: MAY:INFLATE (IF INSTALLED) 
THE RAFT SHOULD BE PUNCTURED IF IT HINDERS: REMOVAL OE THE PILOT. 


«© THE "HARNESS RELEASE “ LEVER, AFT OF THE “EMERGENCY RELEASE" НАН. 
DLE, MAY ALSO: BE USED TO DISCONNECT THE SURVIVAL KIT PARACHUTE 
ATTACHING: STRAPS. HOWEVER, . THE: PERSONAL LEADS MUST: THEN: BE DIS-. 
CONNECTED MANUALLY, 5 


. 8 7 RELEASE SEAT BELT AND SHOULDER HARNESS. - 
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2. ІҒ there is insufficient runway available to make а 
safe stop and takeoff can be safely continued at 
military thrust: 

а. THROTTLE — INBOARD TO FULL MIL 
POWER. 


If the takeoff is to be continued with an after- 
burner blowout, the throttle must be moved out 

* of the AFTERBURNER position immediately , 
to enable the afterburner nozzle to close. Non- 
afterburner engine operation with the nozzle in 
the open position will result in an appreciable 
loss of thrust. 


AFTERBURNER EXHAUST NOZZLE FAILURE 
DURING TAKEOFF 


If the afterburner exhaust nozzle fails to open at the time 
of afterburner ignition, a rapid rise in exhaust gas temper- 
ature and a reduction of approximately four percent rpm 
will be noted. Partial failure of the exhaust nozzle to open 
may not be noted on the engine instruments. However, 
failure of several adjacent nozzle flaps when the after- 
burner ignites during takeoff may result ín a side force 
which may cause a sudden lurch, or tendency to change 
direction of the airplane. 


If several adjacent nozzle flaps have failed and 
takeoff is continued, the side force may be so 
great that there will be insufficient rudder to 
control the airplane immediately after leaving 
the ground, 


1. If exhaust gas temperature rises rapidly and rpm 
drops or if any directional change is noted when 
the afterburner is ignited during the takeoff roll: 


a. THROTTLE — OFF. 
b. Drag chute handle — Pull. 
c. Brakes — As required. 


AFTERBURNER FAILURE DURING FLIGHT 


1. Throttle — Inboard and hold five seconds. 


Move the throttle inboard to shut off fuel to 
the afterburner. Wait five seconds to clear 
afterburner. 


2. THROTTLE — AFTERBURNER TO RE-IGNITE 
AFTERBURNER (IF DESIRED). 


3. If afterburner fails to light — Throttle inboard. 
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Do not make a second attempt to relight the 
afterburner if cause of afterburner failure is 
unknown, to ptevent possibility of fire or 
explosion. 


AFTERBURNER CUTOFF FAILURE 


If the afterburner cannot be cut off through use of пог- 
mal throttle motion, retard the throttle smartly to some 
point below approximately 90% rpm to mechanically 
terminate afterburnér; then advance slowly to the mini- 
mum thrust which will sustain flight and land as soon as 
practicable, 


* Do not pause at the afterburner actuation point 
when retarding the throttle; move the throttle 
smartly through this range to insure that the 
exhaust nozzle will close. 


* During operation above 40,000 feet, avoid rapid 
throttle movement and do not reduce the 
throttle below 85% rpm to reduce the proba- 
bility of compressor stalls. 


Note 
Selection of thrust just below the afterburner 
range is important for fuel saving considera- 
tions; however, afterburning is available in the 
case of a “go-around” or other critical flight 
condition by advancing the throttle smartly 
above approximately 90% rpm. 


ENGINE OIL SYSTEM FAILURE 


Failure of the engine oil system to supply sufficient oper- 
ating pressure is indicated by the oil ptessure-low warning 
light (master warning system). Illumination of this light 
does not necessarily mean that the airplane should be 
abandoned immediately. In most instances, the engine can 
be operated at reduced power for several minutes before 
ultimate engine failure. In the event of an oil pressure 
low indication, the following procedure should be 
followed: 


1. THROTTLE — RETARD (MINIMUM NECESSARY 
FOR FLIGHT). 


Note 
Once the throttle is retarded to minimum neces- 
sary for flight, additional throttle movement 
could résult in the engine freezing. Subsequent 
throttle movement should be used only in the 
interest of safety. 
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2. AIRSPEED — 345 KIAS OR BELOW. 
Airspeed should be reduced below the maximum 
RAT speed in the event the engine freezes and 
it is necessary to extend the RAT. 


PATTERN CAN BE USED IF THIS IS THE MOST 
EXPEDITIOUS MEANS OF GETTING ON THE 
RUNWAY. 
Landing should be made on the nearest suitable 
runway, and the engine shut down immediately 
after taxiing off active runway. 


N 3. Avoid high g maneuvers. 
( ) 4. LAND AS SOON AS POSSIBLE. A FLAMEOUT 


5. If engine vibrations become excessive during flight, 
shut down engine. 
Complete engine failure will normally be indi- 
cated by a steadily increasing vibration. At this 
indication, the engine should be shut down to 
preclude such a destructive failure as to jeopard- 
ize a successful ejection or a forced landing. 


Note 
Maneuvers at less than one g or at negative g 
may cause the oil pressure-low warning light to 
illuminate during flight. This is permissible pro- 
vided the duration of the maneuver does not 
exceed limitations specified in PROHIBITED 
MANEUVERS, Section V. 


9 If engine oil system fails, expect ac and dc gen- 
erator failure. 


9 Engine failure resulting from insufficient ой 
pressure may result in a frozen engine. As soon 
as the engine fails or is shut down, the RAT 
should be extended to supply flight control 
hydraulic pressure. 


FUEL SYSTEM FAILURE 


ENGINE STAGE FUEL PUMP FAILURE 

DURING TAKEOFF 

In the event of failure of the engine stage fuel pump, as 
indicated by the engine fuel pump failure warning light 
(master warning system) the takeoff should be aborted if 
a safe stop can be made. If committed to takeoff, the 
afterburner stage fuel pump will provide all the fuel 
required by the engine and part of the fuel required by 
the afterburner; therefore, partial thrust will be obtained 
from continued afterburner operation. 
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ENGINE FUEL CONTROL FAILURE 


Engine fuel control failure may be recognized by a drop 
in exhaust gas temperature, rpm, and fuel flow. Аз in any 
takeoff emergency, the takeoff should be aborted if condi- 
tions permit (runway length, overrun condition, barrier 
availability, etc.). If, however, the takeoff has progressed 
to the point that an abort is not feasible, use the follow- 
ing procedure: 


1. Throttle — Аз required. 
Attempt to match throttle position to engine 


rpm. 


Compressor stall or engine flameout may occur 
due to introduction of excess fuel if the throttle 
position does not approximately correspond to 
engine rpm prior to selection of the emergency 
fuel system. 


2. FUEL CONTROL SWITCH — EMERGENCY. 


€ Avoid rapid throttle movements. 


дїн 


ө Following an inflight normal fuel system fail- 
ure, do not return the fuel control switch to 
NORMAL for the duration of the flight or 
flameout will result. 


3. Control engine speed as necessary. 


4. Land as soon as possible. 


ENGINE STAGE FUEL PUMP FAILURE 
IN FLIGHT 


In the event of failure of the engine stage fuel pump as 
indicated by the engine fuel pump failure warning light 
(master warning system), the afterburner stage fuel pump 
will supply fuel to the engine and afterburner operation 
should not be attempted. 


AFTERBURNER FUEL PUMP FAILURE 
DURING TAKEOFF 


In the event of failure of the afterburner stage fuel pump, 
afterburner failure will occur. The engine stage fuel pump 
will not supply fuel to the afterburner. Refer го AFTER- 
BURNER FAILURE DURING TAKEOFF, this Section. 


FUEL BOOST PUMP FAILURE 


In the event complete boost pump failure is experienced 
during takeoff but tank pressurization can be maintained, 
maximum engine and afterburner thrust can be sustained 
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at any altitude from sea level to 36,000 feet with any fuel 
temperature up to 100?F in the tanks at takeoff. With 
complete fuel boost pump failure, observe the following: 


1. Avoid negative g maneuvers. 
2. Under low fuel quantity conditions (low level 
warning light illuminated) : 

a. Operate in a nose-high attitude (normal traffic 
pattern attitude is nose high). 

b. Avoid uncoordinated maneuvers. 

c. Avoid rapid decelerations (combinations of 
large thrust changes, speed brakes, and landing 
gear extensions). 

3. Land as soon as practicable. 


The above steps are to prevent uncovering the aft fuel 
intakes. A complete fuel boost pump failure will occur 
with loss of ac power. 


FUEL BOOST PRESSURE-LOW WARNING 


Fuel boost pressure L or R warning light will illuminate 
under the following conditions: 


9 Ап empty No. 3 tank. 
€ А dual failure of boost pumps оп one side. 


€ Fuel shutoff valve not opened. (Ап electrical inter- 
lock makes boost pump operation dependent upon 
a fully open shutoff valve.) 


If the fuel boost pressure-low warning light illuminates, 
in flight, proceed as follows: 

1. Fuel selector switch — ENGINE (some airplanes). 
Check that fuel selector switch is selected to 
ENGINE position. 

Fuel shutoff valve switches — OPEN 

(other airplanes). 

2. PLAN THE FLIGHT FOR ONE-HALF THE INDI- 

CATED FUEL BEING AVAILABLE. 

Initial action should be based on the assumption 
that опіу one-half of the total fuel on board the 
airplane at the time of fuel boost pump pressure- 
low warning will be available, if the warning is 
due to a fuel valve which is not fully open. 

3. Verify quantity of remaining fuel in the Мо. 3 tank 

on the side which has indicated the warning. 

a. If the No. 3 tank is empty, shut off the empty 
tank by placing fuel selector switch to the other 
side, or, оп some airplanes, by moving the 
appropriate fuel shutoff valve switch to CLOSE. 


If operation with a known empty tank is 
required, the fuel shutoff valve on the empty 
side should be closed. This is a precautionary 
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measure to prevent air from entering the system 
in the event of a pump system malfunction on 
the side delivering fuel. On airplanes which do 
not incorporate the boost pump/shutoff valve 
intérlock system, the boost pump switches 
should be turned off on the empty side. 


b. If the No. 3 tank indicates fuel remaining: 
(1) Fuel selector switch — Leave at ENGINE 
(some airplanes). 
Fuel shutoff valve switches — OPEN 
(other airplanes). 


(2) Failed boost pump switches — OFF. 
(3) LAND AS SOON AS PRACTICABLE. 


Note 

If continued flight is necessary, it may be pos- 
sible to use the indicated fuel remaining. Turn 
off boost pumps on the good side and monitor 
remaining fuel carefully to determine if fuel is 
feeding from the failed side. If it is, conduct 
flight in accordance with complete FUEL 
BOOST PUMP FAILURE paragraph above. 
Prior to penetration, turn good boost pumps 
ON. (See system description, Section I.) 


FUEL FLOW EQUALIZER FAILURE 
доо Jur RR ONE, 
ASymmetricd fuel flow can result from unequal fuel feed- 


ing through the fuel flow equalizer or from fuel flow 
equalizer failure. Minor unbalances from this source can 
be expected owing to allowable tolerances. Should 
extreme unbalanced fuel loading become apparent 
(500-Ib. differential or greater), it is desirable to equalize 
the fuel load. If the unbalanced flow is allowed to con- 
tinue without corrective action the airplane will exhaust 
the fuel from one side first. If an empty tank condition 
exists, refer to FUEL BOOST PRESSURE-LOW WARN- 
ING, this Section. To preclude the above, fuel loading 
may be balanced as follows: 


1. Fuel selector switch — ENGINE (some airplanes). 
Fuel shutoff valve switches — OPEN 
(other airplanes). 


2. Fuel quantity — Check (select each position on the 
fuel quantity selector switch). 
In the event the fuel low warning light illumi- 
nates оп one side only, or abnormal wing heavi- 
ness is noted, the fuel quantity should be verified 
by the fuel quantity gage. 


3. Boost pump switches — OFF on the low side. This 
will permit high rates of flow from the high side. 

4. Boost pump switches — ON on the high side. 

5. Fuel quantity gage selector switch — Monitor both 


low and high sides to insure that the low side has 
stopped feeding and the high side is feeding. 
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6. When fuel load is equalized, or when fuel low level 
warning light on the high side illuminates (less 
than approximately 570 Ibs. of fuel remaining), 
proceed as follows: 

а. АП boost pump switches — ON. 


b. Fuel quantity gage selector switch — TOTAL. 


If penetration or descent below 10,000 feet is 
initiated prior to correcting asymmetrical fuel 
flow, turn all boost pump switches ON. 


FUEL TANK PRESSURIZATION FAILURE 


If fuel tank pressurization fails, as indicated by illumi- 
nation of either fuel tank pressure-low warning light, 
normal fuel transfer cannot be expected. Some fuel may 
transfer from the No. 1 and No. 2 tanks into No. 3 but 
the quantity will depend on flight attitude and altitude. 
Normally the only fuel which will feed to the engine will 
be that in Мо. 3. On airplanes which have Мо. 3 tank 
placarded on the fuel quantity gage selector switch, it is 
possible to read the amount of fuel remaining in the No. 
5 tank on each side. On these airplanes, it is possible to 
monitor the No. 3 tanks and determine if fuel is feeding 
from the other two tanks without pressurization. The 
flight should be adjusted accordingly in event that only 
No. 3 tank is feeding the engine. On airplanes which 
have positions of L and К placarded on the fuel quantity 
gage selector switch, the fuel quantity gage indicates total 
fuel in either wing and it is not possible to determine if 
fuel is feeding from No. 1 and No. 2 tanks into No. 3. On 
these airplanes, if pressure fails, it is necessary to assume 
that only Мо, 3 tank fuel із available. Momentary illu- 
mination of the fuel tank pressure-low warning light will 
occur during rapid descent or high g acceleration. If the 
warning light illuminates steadily, proceed as follows: 


1. Land as soon as practicable. 

2. DEPEND ON NO. 3 TANK FUEL ONLY. 

3. Monitor low level warning lights and fuel quantity 
in each wing. 


4. Do not use afterburner. 


ELECTRICAL POWER SYSTEM FAILURE 


Note 

ө The airplane can be returned to base with com- 
plete electrical failure and a safe landing accom- 
plished under visual flight conditions. When 
operating from the battery, all equipment not 
needed to maintain flight should be turned off. 
Usable battery power for continuous operation 
is approximately five to 20 minutes. 
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е When operating from battery power only, che 
UHF will not function after approximately five 
minutes due to lowering battery power. When 
the UHF stops functioning, it should be shut 
off to conserve battery power. 


И ac and dc generators fail, the emergency ac generator 
will supply power to the ac essential bus and the battery 
will supply power to the dc essential bus. Since ac elec- 
trical power control relays which connect the ac generator 
to the ac bus are energized from the dc essential bus, 
complete electrical power failure will occur after battery 
power depletion (approximately five to 20 minutes). On 
airplanes with self-sustaining ас system*, а dc generator 
failure followed by an ac generator failure would also 
result in complete electrical power failure (except battery 
power). However, by momentarily placing the ac bus 
switch in the RESET position the emergency ac generator 
will start and supply power to the ac essential bus and 
the transformer-rectifier will again supply power to the 
emergency dc bus. When the ac bus switch is released, 
it returns to the ON position tying the ac emergency dis- 
connect relay and emergency generator shutoff valve to 
the emergency dc bus. 


To conserve battery power, turn battery OFF 
if not required. 


Should the transformer-rectifier fail after dc generator 
failure the battery may be used to power the emergency 
dc bus. Actuation of the battery switch to che TR FAIL 
position, ties the emergency dc bus to the dc essential bus 
(battery). Power will be supplied to the dc essential func- 
tions until battery power is depleted (five to 20 minutes). 


AC GENERATOR FAILURE 


If the main ac generator fails, the ac power failure warn- 
ing light will illuminate. In the event of a failure, use 
the following procedure: 


1. AC bus switch — EMER (some airplanes); RESET, 
then ON (other airplanes). 


Radar master switch — OFF. 
Boost pump switches — OFF. 
Nesa switch — OFF. 


Rain clear switch-RAINCLEAR (some airplanes); 
STDBY (other airplanes). 


6. AC generator switch — RESET, then ON. 


“ом 


Note 
ТЕ generator will not reset, check circuit breakers. 


з Airplanes modified by TCTO 1F-102-727. 
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ТЕ warning light extinguishes: 
1. AC bus switch — NOR. 
2. Boost pump switches — ON (one at a time). 


3. Nesa switch — NORMAL (some airplanes); ОМ 
(other airplanes). 


4. Radar master switch — As required. 
If warning light remains on: 
1. AC generator switch — OFF, 
2. LAND AS SOON AS PRACTICABLE. 


Note 
In the event of main ac generator failure, the 
following primary flight aids, in addition to 
the pitot-static instruments, will be operable: 
@ АП gyro flight instruments 
е Gyro compass 


€ Interphone, UHF command, VOR, and 
matker beacon radio 


€ IFF radar 


Refer to Section 1 for detailed list of electrically operated 
equipment. 


DC GENERATOR FAILURE 


If the de generator fails, the dc power failure warning 
light will illuminate, In the event of failure, use the 
following procedure: 


1. DC generator switch — RESET, then ON. 


Note 
If generator will not reset, check circuit breakers, 


If warning light remains on: 
1. DC generator switch — OFF. 
2. Turn off all equipment not needed. 
3. Battery switch — ON. 


Note 
е Airplane trim should be used as little as possible 
as it imposes a heavy drain оп the battery. 


9 The battery will provide usable power for con- 
tinuous operation for approximately five to 
20 minutes. 


4. Land as soon as practicable. 


Note 
After failure of the dc generator, the following 
primary flight aids, in addition to the pitot- 
static instruments, will be available until battery 
power depletion: 


ФАП gyro flight instruments 


€ Gyro compass 
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е Interphone and ОНЕ command 

• VOR radio 

€ ТЕЕ radar 

Тһе UHF command radio and interphone will 
be operable after battery power depletion on 
airplanes with the self-sustaining ac system. 


Refer to Section I for a detailed list of electri- 
cally operated equipment. 


AC AND DC GENERATOR FAILURE 


If both normal ac and dc generator fail, follow same pro- 
cedures prescribed for individual generator failure. 


Note 
Тһе emergency ac generator will furnish 
power to the ac essential bus and 28-volt dc 
transformer-rectifier. The TR unit in turn fur- 
nishes dc power to the UHF command radio 
and with a failed dc generator, the battery fur- 
nishes all other dc power. 


If the emergency ac generator or transformer-rectifier 
fails: 


1. Battery switch — TR FAIL position. 


Note 

е On airplanes with self-sustaining ac system, 
placing the battery switch in TR FAIL position 
connects the dc emergency bus to dc essential 
bus (battery). ОНЕ command radio and inter- 
phone will continue to operate until battery 
power is depleted. 

• Complete 1055 of UHF and interphone occurs 
on airplanes prior to incorporation of self- 
sustaining ac system. 


INSTRUMENT FAILURE 


Failure of the main ac generator is indicated by the ac 
failure warning light and power can be restored to the 
primary flight and engine instruments by energizing the 
emergency ac generator. Failure of either of the trans- 
formers will also result in failure of these instruments. 


Loss of ac power results in failure of the hydrau- 
lic pressure gage, fuel quantity gage, fuel flow 
indicator, directional indicator (slaved), engine 
pressure ratio gage and attitude indicator. These 
instruments will continue to register the condi- 
tion that existed at the time of power failure. 


There is no indication of transformer failure other than 


the loss of operation of equipment and no alternate 
source of power is provided. 
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HYDRAULIC POWER SYSTEM FAILURE 


Note 


It should be noted on Form 781 if the RAT has 
been extended in flight. 


FAILURE OF ONE HYDRAULIC SYSTEM 


Airplane flight characteristics encountered during flight 
with one hydraulic system inoperative reveal that high 
speed maneuvering capabilities are reduced. With one 
hydraulic system inoperative, elevator hinge moment is 
limited to the extent that the airplane is capable of pull- 
ing only а small percentage of maximum g limit. RAT 
exterision is not required while flight control system oper- 
ating pressure is available in either hydraulic system. In 
the event of primary pump failure and/or frozen engine, 
the RAT will provide immediate pressure to the primary 
hydraulic system and should be extended prior to enter- 
ing the landing pattern. If the hydraulic pressure-low 
warning light flashes, indicating failure of one hydraulic 
system, use the following procedure: 
1. Reduce airspeed. 
Reduce airspeed to below RAT maximum exten- 
sion speed by immediate power reduction. Main- 
tain airspeed below RAT maximum extension 
speed so that the emergency system will be 
readily available in the event of failure of the 
remaining system. 


With one hydraulic system inoperative, hinge 
moment limitations prevent pulling the maxi- 
mum g limit. For supersonic dive recovery, this 
becomes especially critical. Refer to Section VI 
for maximum g's available with one system 
inoperative and for dive recovery information. 


2. Restrict flight to avoid need for speed brakes. 
Avoid need for speed brakes to conserve hydrau- 
lic pressure for flight control operation with 
primary hydraulic system inoperative, and 
because pressure will not be available for speed 
brakes operation with secondary hydraulic sys- 
tem inoperative. 

3. Determine which system failed. 


Select PRI, then SEC with the hydraulic pressure 
gage selector switch and check hydraulic pressure 
gage to determine which system gives the low 
pressure indication. 


CAUTION 


If the secondary hydraulic system fails, the 
force required for initial stick movement may 
increase to as much as double the force normally 
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required, and positive stick centering may be 
lost. When secondary hydraulic system failure 
occurs, the following will be inoperative: 


Ф Pitch and yaw damper systems 
€ Emergency ac generator 

Ф Speed brakes 

€ Nose wheel steering 


€ Normal landing gear extension system. 


4. Land as soon as practicable. 


5. If primary hydraulic system has failed, RAT handle 
— Pull (just after turn on final approach) & hold 
for four seconds. 

Hold the handle in fully extended position for 
four seconds to insure a satisfactory extension of 
the RAT. 

6. If secondary hydraulic system has failed, emer- 
gency landing gear extension handle — Pull. 

If secondary hydraulic system has failed, use the 
émergency pneumatic system to extend gear. Use 
the normal gear extension if primary hydraulic 
system has failed. 


* Normal landing gear extension with the pri- 
mary hydraulic system inoperative should be 
made at a time when minimum use of flight con- 
trols is required. 

9 After emergency landing gear extension, do not 
attempt to retract gear. 


FAILURE OF BOTH HYDRAULIC SYSTEMS 


If the hydraulic pressure-low warning light illuminates 
steadily, use the following procedure: 
1. Hydraulic pressure gage — Check. 
Verify that both systems have failed by checking 
the hydraulic pressure gage. 


Note 

In event of a frozen engine the hydraulic pres- 
sure gage will be inoperative. If the ac generator 
has failed and the engine is not frozen, the 
emergency ac generator should be energized. If 
flight instruments fuel quantity gage or fuel 
flow indicator operate, then secondary hydraulic 
pressure is available to operate the emergency ac 
generator hydraulic motor, and pressure indica- 
tions should be noted. 


2. RAT— PULL AND HOLD FOR FOUR SECONDS. 
Extend the RAT by pulling the hydraulic emer- 
gency power handle. Hold the handle in the 
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fully extended position for four seconds to 
insure a satisfactory extension of the RAT. 


If airspeed is above RAT maximum extension 
speed and engine is frozen do not extend the 
speed brakes to slow the airplane. Speed brakes 
extension will cause immediate depletion of 
remaining secondary hydraulic system pressure. 
Deceleration should be accomplished by moving 
the flight controls a minimum amount to estab- 
lish a flight attitude that will provide 
deceleration. 


3. Check flight control operation by: 


a. Checking that hydraulic pressure-low warning 
light starts to flash indicating that the RAT is 
providing pressure through the primary 
system. 

b. Checking hydraulic pressure gage (if ac power 
is available). 

c. Moving the control stick and checking control 
response. 


Note 

In the event that hydraulic system failure is the 
result of a frozen engine, the hydraulic pressure 
gage will be inoperative due to complete ac 
power failure and, therefore, will not indicate 
hydraulic pressure even though the emergency 
system is operating. In this event the pressure 
gage will not necessarily return to a reading of 
zero pressure. Ат this time, the dc (battery) 
operated hydraulic pressure-low warnng light 
will be the only instrument for indication of 
hydraulic pressure. 


4. IF FLIGHT CONTROL OPERATION 15 NOT 
POSSIBLE — EJECT (REFER TO EJECTION, 
THIS SECTION). 


5. If flight contro! is still possible but the pressure 
gage indicates both systems are below 800 psi and 
the hydraulic failure warning light is still illumi- 
nated steadily — Eject. 

6. ТЕ pressure is available for flight control operation, 
and either ac or dc electrical power is available to 
віуе an indication that at least one system is oper- 
ating, use the following procedure: 

a. Restrict flight to avoid violent maneuvers and 
need for speed brakes. 
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b. Extend landing gear by emergency system. 

с. Land as soon as practicable. 
Plan landing to provide for straight-in final 
approach using a minimum of control move- 
ment for a few seconds before flareout. This 
is necessary to assure adequate hydraulic 
pressure for normal elevon operation during 
the flareout. 


HIGH-PRESSURE PNEUMATIC 

SYSTEM FAILURE 

If the "PNEU LOW” warning light illuminates in light 
prior to usage of the high-pressure pneumatic system, 
land as soon as practical. Either wheel brakes or drag 
chute may not be available after landing. If а high- 
pressure pneumatic system failure is suspected, land as 
short as possible and use nose wheel steering as soon as 
the airplane has been slowed sufficiently. Apply brakes 
cautiously to determine if both brakes operate. 


FLIGHT CONTROL EMERGENCY 
OPERATION 
“HYD OIL HOT" WARNING LIGHT ILLUMINATION 


On some airplanes* a "HYD OIL HOT" warning light 
may give advance warning of hydraulic fluid overheat 
conditions and possible subsequent flight control oscil- 
lations. If the "HYD OIL HOT" warning light illumi- 
nates, proceed as follows: 


Before takeoft — 


% Engine — Shut down. 
If the "HYD OIL НОТ" warning light illumi- 
nates before takeoff, shut down the engine to 
prevent further damage to hydraulic system 
components. 


During takeoff — 


• Takeoff — ABORT. 
If the "HYD OIL HOT" warning light illumi- 
nates during takeoff, and runway and overrun 


conditions permit, abort the takeoff; refer to 
ABORT, this Section. 


In flight— 


1. Reduce airspeed to (20-240) KIAS and reduce 


engine rpm to minimum required to maintain this 
speed. 


2. Flight controls and other hydraulically operated 
components. Use minimum necessary to maintain 
safe operating conditions. 


` Airplanes modified by TCTO 1F-102-847. 


© 
О 


е 


Q 


Q 


Q 


6 


Q 


Т.О. 1Е-102А-1 


3. Do not extend the RAT if hydraulic pressure is 
available. 


Note 


Extension of the RAT will serve only to increase 
hydraulic temperatures in the primary system. 


4. Land as soon as practicable. 


FLIGHT CONTROL SYSTEM OSCILLATIONS 

Flight control oscillations are primarily due to hydraulic 
fluid overtemperatures, but may also be due to failure of 
the damper system or failure of the artificial feel system. 
Gradual failure of either hydraulic system may be accom- 
panied by excessive generation of heat within the system. 
Elevon surface oscillations can result from overternpera- 
ture of the hydraulic fluid at the elevon control valve. If 
the oscillations are due to overtemperature, there will be 
a movement of the control stick; however, if the oscilla- 
tions were due to the damper system there will be no 
accompanying movement of the control stick. On some 
airplanes? a warning light, located on the master warn- 
ing light panel, is provided to give an indication of 
hydraulic system overtemperatures. If the “HYD OIL 
НОТ" warning light illuminates and uncontrollable oscil- 
lations are encountered, proceed as follows: 


1, REDUCE AIRSPEED TO 220-240 KIAS AND 
REDUCE ENGINE RPM TO MINIMUM NECES- 
SARY TO MAINTAIN THIS SPEED. 


2. Flight mode — DIRECT MAN. Use minimum con- 
trol stick movement; attempt to fly hands off for at 
least 30 seconds. 


Note 
Pilot induced oscillations, which may occur at 
transonic speeds when the flight mode is 
DIRECT MAN, are a phenomenon not related 
to flight control system oscillations. 


3. Do not extend the RAT. 


Note 


Extension of the RAT will serve only to increase 
the hydraulic temperature in the primary system. 


4. Select alternate flight modes (DIRECT MAN, 
DAMPER and PILOT ASSIST) and remain in the 


flight mode where oscillations are at a minimum, 


Note / 
To aid in reducing hydraulic system fluid tem- 
peratures, use minimum control movement at 
all times. Oscillations may be more rapidly| 


з Аттратез modifed by TCTO 1Е-102-847. іа 
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reduced in magnitude by releasing the control 
stick than by correcting for the oscillations with 
stick input. 


5. If oscillations continue, utilize the following addi- 
tional procedures: 
a. Use rudder to counteract roll. 
b. Maintain safe altitude while severe oscillations 
persist. 


6. During low fuel conditions, keep nose attitude 
level. 


Note 

The heat exchanger utilizes fuel from the No. 3 
fuel tank to cool the hydraulic fluid; therefore, 
to maintain the most effective cooling during 
low fuel conditions (1000 pounds or less) the 
airplane should not be flown in a 5? or greater 
nose-low attitude except as required for descent 
to a landing. 


7. Maintain safe altitude to evaluate nature of the 
system overheat. 


Note 
Тһе system may cool if flight is continued under 
cautions dictated by the foregoing procedures. 


8. When oscillations have been reduced to a safe 
minimum, land as soon as practicable. 


Note 
Тһе oscillations may be caused by progressive 
failure of one hydraulic system, in which case 
complete failure of the malfunctioning system 
will usually terminate the oscillations. 


TRIM FAILURE 


If any of the three trim actuators should fail to operate 
the force required to perform normal maneuvers should 
be well within the normal physical capabilities of the 
pilot. Complete loss of dc power will cause the trim sys- 
tem to be inoperative. 


PITCH AND YAW DAMPER SYSTEM FAILURE 


The damper systems become inoperative if the main ac 
generator fails, che dc generator fails, or when secondary 
hydraulic system pressure fails, ЈЕ any of these conditions 
occur е rudder and elevon servo actuators (extendible 
links) which are spring-loaded to center position will 
return to center and then serve as a fixed link. If a mal- 
function of the pitch and yaw damper system (i.e. failure 
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to remain engaged or unusual oscillations) makes flight 
with the system off mandatory, the.following precautions 
shall be observed: 


® Roll maneuvers shall be restricted to positive quad- 
rant rolls only. 


Note 
A positive quadrant roll is a roll to a 90-degree 
bank either side of level flight, or from a 
90-degree bank. in one direction to а 90-degree 
bank in the opposite direction passing through 
normal flight position. 


© No uncoordinated maneuvers shall be per- 
formed, except during takeoff and landing. 

9 Rapid application of айегоп shall be avoided, 
except during takeoff and landing. 


9 No intentional rolling push-downs shall be 
performed, 


ARTIFICIAL FEEL SYSTEM INOPERATIVE 


Failure of the artificial feel system may be caused by a 
leak in the pneumatic pressure line, а Ісак in the feel 
force cylinder, or by electrical failure to either or both 
of the ram air ("q") intakes, allowing them to become 
clogged by ice while operating in icing conditions. Fail- 
ure of the artificial feel system may be recognized by low 
Stick and/or rudder forces, excessive maneuvering, or 
pilot-induced. oscillations. Clogging of the small intake 
will normally cause the rudder pedal forces to be low, 
being about the same as the pedal forces encountered on 
the ground. The abnormally low rudder pedal forces will 
require caution when operating at high indicated air- 
Speeds to prevent overcontrolling, but will probably 
appear normal during approach and landing. However, it 
is possible for the intake to clog at such a time as to trap 
high “4” pressure, resulting in high rudder pedal forces 
for approach and landing. Turn coordination, as nor- 
mally applied through the yaw damper system, will not 
provide the desired amount of rudder to coordinate turns 
during flight with the intakes plugged. Flight under these 
conditions will probably require disengaging the yaw 
damper system. Elevator stick forces will be normal or 
low in all cases of “q” intake clogging. With the small 
intake clogged, elevator will be normal below .5 Mach, 
and low above that range, requiring caution at higher air- 
speeds to avoid overcontrolling. With both “д” intakes 
clogged, elevator stick force will ba low, with the extreme 
low force being the same as that experienced. while on 
the ground. The low elevator stick force will feel normal 
during approach and landing. In the event of artificial 
feel systern failure, proceed as follows: 


1. AIRSPEED — REDUCE TO 220-240 KIAS. 


2. Use minimum conttol stick movement; attempt to 
fly hands off for at least 30 seconds. 


3. Yaw damper system—Disengage. 
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LANDING GEAR EMERGENCY 
OPERATION 


EMERGENCY GEAR LOWERING PROCEDURE 
The emergency landing gear lowering procedure is out- 


lined on figure 3-7. Refer to Section VII for a discussion 
of landing gear operation. 


WINDSHIELD FAILURE 


If a panel cracks in flight and is still transparent (indi- 
cating outer layer failure only), cabin pressure need not 
be dumped. However, if the panel becomes white or 
opaque (indicating failure of the inner layer, which is 
the stress-bearing part of the windshield), then cabin 
pressure should be dumped immediately. If cabin pressure 
is released at an altitude of approximately 43,000 feet, 
the airplane oxygen system will automatically supply pres- 
sure to the partial pressure suit. The mission can be com- 
pleted safely so long as there is sufficient oxygen in the 
airplane to furnish pressure to the partial pressure suit 
and oxygen for pilot breathing. 


Note 
Additional oxygen is available to the partial 
pressure suit through the oxygen bailout bottles, 
which can be actuated by manually pulling the 
green knob. Because of the limited duration of 
the bailout bottles, an immediate descent to a 
safe altitude is necessary. 


In the event of windshield. failure, proceed as follows: 


1. CABIN AIR SWITCH —RAM (IF PANEL 
BECOMES OPAQUE). 
2. Меза switches — OFF. 


Note 

If it is apparent during flight that the wind- 
shield has been of is being damaged, distorted, 
or discolored from uneven heat distribution, the 
Cause may be due to failure of the power relay 
of control box. If such is the case; turning the 
Nesa switch to OFF will not remove electrical 
power from the windshield heating elements, It 
will be necessary to either pull the three-phase 
circuit breakers. placarded “Windshield Anti- 
Ice,” which аге located on the left-hand aft cir- 
cuit breaker panel, or place the ac bus switch to 
EMER, thus removing power from the Nesa 
heaters. The circuit breakers are difficult to reach 
in flight. Before moving the ac bus switch to 
EMER it must be determined whether the nature 
of the emergency is such that flight may be con- 
tinued safely without additional items connected 
to the nonessential bus as they also will be ren- 
dered inoperative. 
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landing gear ст lowering 


PUSH DOWN (UNLOCK) THEN PULL THE LANDING GEAR EMERY 
GENCY HANDLE APPROXIMATELY 2 INCHES: ~ 


NOTE У 
е ON AIRPLANES AF53-179] THRU: 56:972, THIS HANDLE 15 PLACARDED 
“EAER GEAR RELEASE PULL” AND MAY BE PULLED STRAIGHT QUT. CHECK: 
THAT SPRING: CLIP OR ОЕТЕНТ ENGAGES IN BACK SIDE OF EMERGENCY) | - 
шаг GEAR EXTENSION HANDLE ТО PREVENT INWARD MOTION OF THES, 
МОЈЕ, š ада - 


е QN AIRPLANES АҒ56-973 AND OH, THE HANDLE IS PLACARDED "EMER GEAR. 
RELEASE—UNLOCK—PULL” AND AUTOMATICALLY LOCKS WHEN IN THE OUT 
POSITION, сул 


Я ү 1 


de 
E 


p 


CHECK LANDING GEAR POSITION INDICATORS FOR GEAR DOWN | 3 
(WHEELS). ja 


| CAUTION 
IN PLANNING THE LANDING WHEN THE GEAR IS TO BE LOWERED BY THE 
EMERGENCY: SYSTEM, ONE MINUTE.SHOULD BE ALLOWED FOR GEAR ЕХТЕН- 
SION TIME ON AIRPLANES AF53-1791 THRU 56-1518 UNLESS MODIFIED BY 
1.0. 1F-102-655, ON. AIRPLANES АҒ57-770 AND. ОН AIRPLANES MODIFIED 
BY Т. 0. 1F-102-655, EMERGENCY EXTENSION SHOULD NOT REQUIRE MORE 
THAN 10 SECONDS, 


У 
/ 
М 


LANDING GEAR HANDLE DOWN. 
Dy 


NOTE Я 
THE NORMAL LANDING GEAR HANDLE SHOULD ВЕ ПІ THE DOWN РОБ: 
TION PRIOR TO LANDING. IF THE REQUIREMENT FOR EMERGENCY GEAR 327 
EXTENSION IS DUE TO FAILURE OF THE SECONDARY HYDRAULIC SYSTEM, —. 
OR ENGINE FAURE; THE EMERGENCY GEAR EXTENSION HANDLE SHOULD?“ 
BE PULLED FULLY OUT PRIOR ТО PLACING THE NORMAL GEAR HANDLE 24) 
DOWH THIS ACTION WILL ‘CONSERVE. ALL AVAILABLE-HYDRAULIC PRES- Зүрх, 
SURE FOR RIGHT CONTROL OPERATION. + Ў, 
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CAUTION 


“USE OF RIGHT 


Figure 3-7 
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CANOPY WARNING LIGHT 1. Do not move the canopy latch handle. 

ILLUMINATED IN FLIGHT ai ў 
2. irspeed to 230-240 KIAS. ! 

Illumination of the canopy unlocked warning light while Reduce airspeed qo 230-240 52 ў 

in flight indicates that the canopy latch hooks аге not 3. Cabin air switch to OFF. | 

fully engaged and loss of the canopy could ensue. If the - 

light.comes on in flight, observe the following: 4. Return to base as soon as possible. ў 


Моіе 


Тһе Emergency Abbreviated Check List is con- 
tained in Т.О. 1F-102A-(CL)1-1. 
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COCKPIT AIR-CONDITION AND 
PRESSURIZATION SYSTEM 

Тһе cockpit air-conditioning system (figure 4-1) uses air 
from the low-pressure pneumatic system to provide the 
pilot with a pressurized, temperature-controlled cockpit. 
For ait-conditioning and cockpit pressurization, hot com- 
pressed air (engine bleed air) is ducted to the cockpit by 
a system which routes the air through a refrigeration unit 
and also provides a bypass around the refrigeration unit. 
In the refrigeration unit, the hot air is first routed 
through an air-to-air heat exchanger and then through 
а cooling turbine where it is cooled and expanded. A 
centrifugal flow fan, mounted on a common shaft with 
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the cooling turbine wheel, absorbs the energy of the tur- 
bine whee! by drawing cooling ram air across the heat 
exchanger. Cold air from the refrigeration unit is mixed 
with hot bypassed air and then discharged into the cock- 
pit through two discharge tubes on each side of the 
cockpit. Cockpit temperature control is achieved by auto- 
matically modulating a bypass valve which mixes the 
proportion of hot and cold air required to maintain the 
temperature selected by the pilot. Temperature sensing is 
accomplished by two thermostats, one located in the cock- 
pit air inlet duct and the other in the outlet duct. When 
maximum cooling is required, all the air is routed through 
the refrigeration unit. Because full ram air is not flowing 
over the air-to-air heat exchanger, cockpit cooling is lim- 
ited while the airplane is on the ground. In the event 
the normal air-conditioning system malfunctions during 
flight, a ram air system can be used to provide cockpit 
ventilation. This ram air ventilation system does not pro- 
vide cockpit pressurization, А ram air pressure regulator 
and shutoff valve shuts off the ram air supply if ram air 
temperature or pressure becomes excessive. A check valve 
located in the air duct entering the cockpit on some air- 
planes? will prevent rapid depressurization of the cockpit 
in the event of engine flameout or duct failure. Pressuriza- 
tion of the cockpit is provided by regulating the discharge 
of air from the cockpit. The pressure regulator in the floor 
of the cockpit automatically controls the outflow of cock- 
pit air to maintain a preset cockpit pressure schedule. 
See figure 4-2. This schedule provides for ап unpres- 
surized cockpit up to an altitude of 10,000 feet. As the air- 
plane continues to climb, the cockpit altitude remains at 


* AF 56-1275 thru -1316, -1332 © on, © airplanes modified by 
ТСТО 1F-102-656. 
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10,000 feet until an airplane altitude of approximately 
26,500 feet is reached. Above this altitude a constant 5.0 
psi differential pressure is maintained. 


Note 


Cockpit pressure fluctuations may be experi- 
enced at altitudes between 5000 feet and 15,000 
feet in a speed range of 200 KIAS to 400 KIAS. 


To prevent smoke and fumes from entering the cockpit, 
the bleed air shutoff valve shuts off the conditioned air 
supply to the cockpit on some airplanes* while the 
armament bay doors are opened for armament firing. Due 
to leakages, cockpit pressure may drop while the air 
supply is shut off. When pressurization is resumed, a rate 
sensor controls the speed at which the cockpit is repres- 
surized. This prevents an initial pressure surge. 


Note 
Pressurization is resumed three to five seconds 
after the armament bay doors close or, if door 
closing is delayed by a misfire, by action of a 
time delay. 


On other airplanes, in order to maintain cockpit pressur- 
ization during armament firing, cockpit pressurization is 
not shut off and some smoke or fumes in the cockpit may 
Бе experienced during firing. 


CABIN AIR SWITCH 


The cabin air switch (figure 1-24) is located on the left- 
hand auxiliary instrument panel. The switch is placarded 
"Cabin Air" and has three positions, PRESS, OFF, and 
RAM. When the switch is in the PRESS position, the ram 
air shutoff valve is closed to shut off the flow of ram air 
to the cockpit and the bleed air shutoff valve is open to 
route engine bleed air through the refrigeration and 
bypass unit to the cockpit. When the switch is in the 
RAM position, the ram air shutoff valve is open to route 
ram air to the cockpit, the bleed air shutoff valve is closed 
to shut off the engine bleed air supply, and the cabin 
safety valve is open to dump cockpit pressure. When the 
switch is in (һе OFF position both the ram air shutoff 
valve and the bleed air shutoff valve are closed to shut 
off the entire system. The cabin air switch receives power 
from the 28-volt dc essential bus. 


CABIN TEMPERATURE CONTROL KNOB 


"The rotary cabin temperature control knob (figure 1-21) 
on the utility switch panel provides for automatic control 
of cockpit temperature within a range of 45°F to 100°F 


ЗАР 53-1792, -1796, -1798 thru -1805, -1807 tbru -1811, -1814 
thru -1818, 54-1371 thru -1379, -1381 thru -1387, -1389, -1391 
thru -1397, -1399, -1400, -1402 thru -1407, 55-3357 thru -3438, 
-3440 thru -3464, 56-957 thru -975, -977 thru -1088, -1090 thru 
-1098 unless modified by TCTO 1F-102-647. 
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Figure 4-2 
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or for manual control of the system in the event of mal- 
function of the automatic control. Temperature control is 
accomplished by the positioning of the refrigeration unit 
bypass valve to mix hot bleed air with refrigerated air in 
the required proportions to meet either the automatic or 
manual demands of the system. The temperature control 
switch is ineffective when the cabin air switch is in RAM 
position. The temperature control switch has an AUTO- 
MATIC range with a NEUTRAL position at both 
extremes of automatic selection. The knob can be held 
against light spring tension to the MAN HOT or MAN 
COLD position to override the automatic system, When 
the knob is released it will return to the NEUTRAL 
position. 


Note 
If too much pressure is applied to the switch 
during manual operation, the switch will pass 
through the manual position into a common 
neutral range. The switch will not function 
from this range and should be returned to its 
previous position. 


Тһе switch controls power from the 28-volt dc essential 
bus. 


COCKPIT NO-FOG VENT SUIT SWITCH 


The cockpit no-fog vent suit switch" is located оп the 
utility switch panel (figure 1-21) and has ON and OFF 
positions. When the switch is placed in the ON position, 
cockpit temperature control is governed by the cockpit 
air inlet duct thermostat only. A steady temperature of 
80° (--109) is then maintained in the cockpit and in the 
ventilated light suit (if used), regardless of the position 
of the automatic temperature control knob. This tempera- 
ture range will minimize the probability of cockpit fog 
from the air conditioning system. Power to the cockpit 
no-fog vent suit switch is supplied by the 28-volt dc essen- 
На! bus. 


CABIN PRESSURE ALTITUDE GAGE 


The cabin (cockpit) pressure altitude gage (43, figure 
1-4) is located on a panel forward of the left console and 
indicates cockpit pressure in feet above sea level. It is 
graduated from zero to 50,000 feet pressure altitude. The 
gage is vented only to pressure within the cockpit. 


NORMAL OPERATION OF COCKPIT AIR- 
CONDITIONING AND PRESSURIZATION SYSTEM 


1. Place cabin air switch in PRESS position. 
2. Close canopy. 


3. Cabin temperature knob as desired within the 
AUTOMATIC range. 


*Airplanes modified by TCTO 1F-102-761. 
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4. Cockpit no-fog vent suit switch as required. 


During high humidity conditions, the cooling 
effect produced by the refrigeration turbine of 
the air-conditioning system can create heavy 
condensation in the cockpit inlet air. This con- 
densation forms a very dense fog within the 
cockpit. Under extreme conditions, cockpit fog 
can reduce visibility to a point where it is impos- 
sible to see the cockpit instruments, and outside 
visibility may also be completely obscured. 
Cockpit fog is most likely to occur on takeoff, 
but may also occur during landing or go-around, 
To prevent fog formation, the temperature con- 
trol knob should be placed in the AUTO- 
MATIC HOT range, or the cockpit no-fog vent 
suit switch should be placed to ON (if installed), 
prior to takeoff or landing. 


EMERGENCY OPERATION OF COCKPIT AIR- 
CONDITIONING AND PRESSURIZATION SYSTEM 
If automatic temperature control system becomes inop- 
erative or if temperatures beyond the normal limits of 
the system are desired: 


1. Hold cabin temperature control knob momentarily 
to MAN HOT or MAN COLD. 


2, Repeat as necessary until desired change occurs. 


If cabin pressurization fails and cabin altitude increases 
appreciably over actual altitude: 


1. Determine cabin altitude. 


2. If cabin altitude is above the actual altitude of the 
airplane, place cabin air switch to RAM, and/or 
reduce speed. 


Note 
When the cabin air switch is in RAM position, 
the following additional systems become inop- 
erative: anti-g suit pressurization, radome anti- 
icing, and canopy sealing. 


If excessive cockpit fog occurs during takeoff, 
landing, or go-around, immediately place cabin 
air switch to RAM position to shut off the 
source of cockpit fog and to aid in more rapidly 
dissipating the fog. After the fog has cleared, 
or the possibility of fog formation no longer 
exists, resume normal operation of the cockpit 
air-conditioning and pressurization systems. 
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DEFOGGING SYSTEM 


Warm air from the low-pressure pneumatic system is used 
to defog the canopy panels and, on some airplanes*, the 
forward one-third of the windshield, Flow of this air is 
controlled by a switch оп the utility switch panel, The 
windshields are defogged by electrically heating the Меза 
glass panels. Refer со WINDSHIELD ANTI-ICING, this 
Section. 


CANOPY DEFOG SWITCH 


Тһе canopy defog switch (figure 1-21) on the utility 
switch panel has CANOPY DEFOG and OFF positions. 
The switch controls 28-volt dc essential bus power to a 
motor driven valve in the hot air duct. When the switch 
is in CANOPY DEFOG position the valve is open and 
warm air is directed to the canopy and, on some air- 
planes*, to the forward one-third of the windshield. 
When the switch is in OFF position the valve is closed. 
Limit switches shut off the motor when the valve reaches 
the fully open or fully closed positions. 


OPERATION OF CANOPY DEFOG SYSTEM 


Note 

During operation in high humidity conditions 
(ground dew point 209C or higher) operate 
canopy defog continuously at altitude in order 
to insure a fog-free canopy during descent. For 
less severe humidity conditions, canopy defog 
switch need not be turned ON until just before 
descent. 


The canopy defog system is either fully on or fully off, 
having no provisions for regulation by the pilot. To oper- 
ate the system, proceed as follows: 


1. To turn on the system, place the canopy defog 
switch in CANOPY DEFOG position. 


2. То turn the system off, return the canopy defog 
switch to OFF. 


Note 
In the event of canopy defog system failure, 
hold the cabin temperature control knob to 
MAN HOT аз necessary when canopy fogging 


occurs. 


ANTI-ICING SYSTEMS 


The airplane is equipped with an automatic anti-icing 
system that will provide automatic protection for the 
engine, intake duct leading edges, engine inlet guide 
vanes, radome, and ram air, “q” intakes on the fin if the 
system is armed. The automatic system may be over- 
ridden and operated manually in the event it malfunc- 
tions. Separate controls also provide for operation of 
the windshield anti-icing system, windshield rain clearing 
system, and the pitot-static head anti-icing system. Wing 
and fin anti-icing is not provided. 


SAF 56-1275 thre -1316, -1332 & on. 
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Note 
The airplane configuration is such that wing 
and tail ice formations have no effect on sta- 
bility and control. Engine thrust available is 
adequate to compensate for any drag increase. 


ICE DETECTOR 


Ап automatic ice detector probe is mounted in the engine 
intake duct to sense icing conditions and automatically 
turn on the ice protection system if the system is armed. 
When the ice protection system turns on, the detector 
immediately starts to de-ice. De-icing of the detector 
usually takes less than a second. If the probe becomes 
clogged or anti-ice heat to the probe remains on longer 
than approximately 20 seconds, the pilot is informed 
through the master warning system, and anti-ice detec- 
tion is inoperative until the probe is unclogged. ТЕ, after 
the detector 15 de-iced, there is no further indication of 
ice for a period of one minute, the ice protection system 
will turn off automatically until the next time the detector 
senses ice. 


ENGINE ANTI-ICING 

Тһе engine inlet guide vanes at the face of the compressor 
are anti-iced by engine bleed air from the low-pressure 
pneumatic system. The thermostatically controlled air 
flows through the hollow guide vanes. This system is a 
component part of the engine and is controlled through 
the automatic ice protection system. 


INTAKE DUCT ANTI-ICING 

The engine intake ducts are supplied with hot engine 
bleed air from the low-pressure pneumatic system. The 
thermostatically controlled bleed air flows through the 
double skin structure of the duct leading edges and is 
exhausted on the inside surface aft of the leading edge. 
The system is controlled through the automatic ice pro- 
tection system. 


RADOME ANTI-ICING 

Тһе radome anti-icing system uses glycol to prevent ice 
formation. The glycol supply tank has a storage capacity 
of two gallons. Low-pressure pneumatic system air is 
used to force the glycol from the tank and through the 
porour metal ring at the base of the nose boom. Air- 
flow then spreads the glycol over the surface of the 
гадоте, The system is controlled through the automatic 
ice protection system. See figure 1-33 for anti-icing fluid 
specifications. 


RAM AIR “а” PRESSURE INTAKE ANTI-ICING 
The ram air pressure intakes on the fin are electrically 
anti-iced by 28-volt dc power from the essential bus. The 
system is controlled through the automatic ice protection 
system, and і5 operative when the anti-ice switch is in 
MANUAL ON or AUTO. The intake heaters receive 
only partial power until the tight main landing gear door 
is closed. 
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Figure 4-3 


WINDSHIELD ANTI-ICING AND DEFOGGING 

Anti-icing and defogging of the windshield panels is 
accomplished by electrical heating units imbedded in the 
Nesa panels. These units have temperature sensing ele- 
ments to prevent overheating of the glass. On some air- 
planes anti-icing and defogging of the aft two-thirds is 
accomplished by electrical heating, the forward one-third 
uses hot air sent through ducts and distribution nozzle 
to the apex and is controlled by the canopy defog switch. 


WINDSHIELD RAIN CLEARING SYSTEM 

The windshield rain clearing system provides a high- 
velocity stream of hot air from the low-pressure pneu- 
matic system to clear rain or snow from the left 
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windshield panel. A switch in the cockpit enables the 
pilot to control the electrically operated shutoff valve in 
the rain clear hot air duct. 


ANTI-ICE SWITCH 


The anti-ice switch (figure 1-21) on the utility switch 
panel has three positions, AUTO, MANUAL ON, and 
OFF. When the switch is in AUTO position, anti-icing 
of the engine inlet guide vanes, intake duct leading 
edges, radome, and ram air pressure intakes on the fin 
is controlled by the automatic ice detection system 
through the ice detector. When the switch is in MAN- 
UAL ON position, the automatic features of the ice 
detection system are bypassed and all of the anti-icing 
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systems which are controlled by the automatic ice detec- 
tor system are activated regardless of icing conditions. 
On some airplanes*, it is necessary to pull the toggle 
switch out and then down to place the switch in MAN- 
UAL ON. On some airplanes** the system is deener- 
gized if the anti-ice switch is in OFF position. On other 
airplanes, however, only the anti-ice warning light is 
deenergized and the anti-ice circuit remains enetgized as 
if in AUTO position. Тһе anti-ice switch receives power 
from the 28-volt dc essential bus, 


WINDSHIELD АМТІ-ІСЕ (NESA) SWITCH 


The windshield anti-ice and defog system is controlled 
by switches located on the utility switch panel (figure 
1-21). Some airplanes have a single switch, placarded 
“Nesa,” with NORMAL and OFF positions. Placing the 
switch in NORMAL position connects 200/115-volt ac 
nonessential power to the Nesa transformers for both 
panels. Other airplanes} have two Меза switches, one 
for the left and one for the right windshield panel. 'These 
switches are placarded “Меза Control LH-RH” and pro- 
vide the same functions for their respective panels as the 
single switch on the earlier configuration. 


WINDSHIELD RAIN CLEAR SWITCH 


The windshield rain clear switch is located on the utility 
switch panel (figure 1-21). On some airplanes, che switch 
has two positions, RAIN CLEAR, and OFF. In the RAIN 
CLEAR position, the switch supplies 28-volt dc essential 
bus power to the solenoid valve in the rain clear hot air 
duct. Other airplanes; have a third switch position, 
STDBY, which provides for automatic operation of the 
windshield rain clearing system if the INesa system fails 
due to an ac power failure. 


PITOT HEAT SWITCH 


Тһе pitot-static head anti-icing switch (figure 1-21) on 
the utility switch panel is placarded "Pitot Heat" and 
has ON and OFF positions, When in the ON position, 
the switch supplies 28-volt dc essential power to the 
pitot-static head on the nose boom. 


ANTI-ICE SYSTEM WARNING LIGHT 


A light on the warning light panel (figure 1-26) will 
illuminate to display “ANTI-ICE” when the anti-ice 
switch is OFF or when the airflow through the engine 
intake duct is under 40 knots with the switch in AUTO. 
Тһе light will illuminate during normal operation (anti- 
ice switch AUTO) when the ice detector probe heater is 
оп for 17 to 20 seconds and the probe openings remain 


ЗАР 56-1234 thru 56-1316, 56-1321 © on, & airplanes modified 
by TCTO 1F-102-664. 
*tAF 56-1045 & on. 
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clogged to indicate automatic anti-ice system is inoper- 
ative, The light will remain on until the probe ís no 
longer clogged or the anti-ice switch is moved to MAN- 
UAL ON, The warning light is part of the master warn- 
ing system and operates from the 28-volt dc essential bus. 


NORMAL OPERATION OF ANTI-ICING SYSTEMS 


The windshield anti-icing system, which also provides 
defogging, should be turned on as soon as ground elec- 
trical power is connected to the airplane and left on 
continuously until engine shutdown after completion of 
flight. This is necessary to insure proper defogging. 

1. Place anti-ice switch in AUTO position, Under 
known or suspected icing conditions, place anti-ice 
switch in MANUAL ON. 

2. Place windshield anti-ice (Меза) switch in NOR- 
MAL (some airplanes); both Nesa switches ON 
(other airplanes). 

3. Place rain clear switches in STDBY (some air- 
planes) T. 

4. Move pitot heat switch to ON. 


EMERGENCY OPERATION OF 
ANTI-ICING SYSTEMS 


Automatic Anti-Icing System. 
1. Place anti-ice switch to MANUAL ON position. 


Windshield Anti-Icing System. 


In the event of loss of ac electrical power to the laminated 
windshield, windshield defogging may be obtained by 
the following ptocedure: 


1. If windshield is heated and power failure is noted 
immediately, place windshield rain clear switch to 
RAIN CLEAR. 


Yf the system has functioned normally, maintain- 
ing a heated windshield, and ac power failure is 
noted, the rain clearing system should be turned 
on immediately. Activation of the rain clearing 
system will provide an effective “heat block" for 
the heat energy stored in the left-hand wind- 
shield panel at the time of the power failure and 
will maintain the inside surface temperature of 
the left-hand panel. 


2. If ac power failure is not noted until condensation 
has formed, proceed as follows: 


а. Windshield rain clear switch to RAIN CLEAR. 
Activation of the rain clearing system will initi- 
ate a heat addition process on the left-hand 
windshield outer surface. 
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AA SOME AIRPLANES — REFER ТО APPLICABLE TEXT 


PRIMARY | | ) | LOCATION Of 
TYPE | DESIGNATION FUNCTION OPERATOR | CONTROLS 


tión. systems and. pilot's headset. 


„| Equipment 


^ tween pilot and ground crew when 
ў plane is on the-ground. 


4 Intérphone AN/AIC-10 | Connects audio of radio алд помідо- | Pilot and | Cockpit to ground crew. Ground crew connection and 


Also provides communication be- | crew. 


amplifier in the nose: whe 
well. 


AN/ARC-34 | Communications from airplane to 
airplane and from airplane to 
ground by UHF communications 
radio. 


Pilot 


Line of sight. left-hand console. Er 


AN/ARN-14 | Provides information for noviga- 


tion and instrument low approach. 


Pilot 


Localizer approx, 45 miles | Right-hand console. Indicator 
ond omni-directional 100 | on instrument panel. 
miles, depending on the flight 
altitude. 


AN/ARN-18. | Indicates glide.angle for automatic 


approach. 


Pilot 


Approximately 25 miles. 
on instrument panel. 


AN/ARN-21 | Used in conjunction with Tacon sur- 
face beacon to provide hearing and 


range information. 


AN/ARN-31 


Receives ILS localizer ond glide path 
transmission. 


AN/ARN-12 
or 
AN/ARN-32 


Receives location marker signal on 
navigational beam. 


Murker Beacon 
Receiver 


Pilot 


AN/APX-6A | Automatic radar identification 
returned if challenged by surface ог 


ГЭ airborne sels. Can transmit emer- 
A28, aene sed ici | 


Approximately 195 miles, line | Right-hand console. Indicators "|. a 
of sight. on instrument panel. 


Right-hand console. Indicator 


Localizer approximately 45 
on instrument panel. — 5. 


miles, gide path -approxi- 
mately 25 miles. 


Indicator light on instrument 
panel. 


line of sight. 


Figure 4-4 


b. Cabin temperature control kaob to MAN HOT. 
Regulate cabin air temperature to maximum tol- 
erable. This action will start a heat addition proc- 
ess on the inside surface of the windshield. 


Note 


9 The desired heating on a windshield that has 
cooled, or that was not preheated electrically, 
will require from two to four minutes when 
using the above procedure. 


• On some airplanes*, the rain clearing system 
will come on automatically after an electrical 


SAirplanes modified by ТСТО 1F-102A-562, 
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power failure if the rain clear switch is in 
STDBY position. 


COMMUNICATIONS AND ASSOCIATED 
ELECTRONIC EQUIPMENT 

TABLE OF COMMUNICATION AND 
ASSOCIATED ELECTRONIC EQUIPMENT 

See figure 4-4. 


INTERPHONE — AN/AIC-10 


Ап interphone system is installed to permit communi- 
cations between the pilot and a ground crew through a 
nose wheel well connection, when the airplane is on the 
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ground, and also to provide an amplifier for the dynamic 
microphone for transmitting. The dynamic microphone 
is the push-to-talk type. The pushbuttons are located on 
the throttle grip (figure 1-7) and on the control stick 
grip (figure 1-20). There is no cockpit interphone con- 
trol panel. Тће system is on whenever power is available 
from the 28-volt dc essential bus or, on some airplanes*, 
from the emergency dc bus. 


UHF COMMAND RADIO — AN/ARC-34 


Note 
No transmission will be made on emergency 
(distress) frequency channels except for emer- 
gency purposes in order to prevent transmission 
of messages that could be construed as actual 
emergency messages. 


The AN/ARC-34 command radio set provides voice 
transmission and reception on 1750 frequencies in the 
range of 225.0 to 399.9 megacycles. The control panel for 
the set (figure 4-5) is on the left console and permits 
selection of any of 20 frequencies which can be preset in 
any order. А remote indicato. (44, figure 1-4) on the 
instrument panel, will indicate the frequency of the pre- 
set channel selected, In addition, an operating frequency 
can be set up manually without disturbing any of the pre- 
set frequencies. The set uses two receivers, a main and a 
guard receiver. The guard receiver is capable of covering 
the frequency range of 238.0 to 248.0 megacycles. Tuning 
of the guard receiver is set and fixed prior to installa- 
tion. The functions of the set are selected by the 
four-position main control switch on the right side of the 
control panel. The switch has four positions: OFF, 
MAIN, BOTH, and ADF. When the switch is on 
MAIN position, the transmitter and receiver are oper- 
ative on the same selected main frequency. The BOTH 
position allows transmission and reception on the main 
selected channels and simultaneous reception on the 
guard channel, The ADE position of the switch is inop- 
erative in this installation. А button placarded “Tone” is 
adjacent to the main control switch. Holding the tone 
burton down interrupts reception and provides a con- 
tinuous tone transmission to aid ground stations in 
obtaining a direction finding bearing. A selector control 
above the channel selector knob is used to select the 
desired operating mode. The MANUAL position of the 
control permits the operating frequency to be changed 
to any desired frequency in the operating range of the 
set. The GUARD position selects the fixed guard fre- 
quency for the main receiver and transmitter, and РКЕ- 
SET is used to allow selection of any of the 20 preset 
frequencies. When the selector control is in PRESET, 
subsequent movement of the channel selector knob (ас 
the center of the control panel) changes the frequency 


lirplanes modified by ТСТО 117-102-727. 
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to the desired preset channel. А numerical indication of 
the selected channel appears in a window above the 
selector knob. À record of the frequencies that have been 
preset and assigned to the 20 channels can be noted on 
a plastic card provided for this purpose and located at 
the bottom of the control panel. The preset frequencies 
can be changed in flight if necessary. Audio volume is 
adjusted by a knob on the left side of the control panel. 
The AN/ARC-34 command radio requires 28-volt direct 
current for operation. The power source varies on differ- 
ent airplanes. On some early airplanes, the set receives 
power directly from the dc essential bus. Other air- 
planes* include a transformer-rectifier which is powered 
by the three-phase ac essential bus to. produce dc power 
for the command radio. Ап additional modification on 
some airplanes** provides an emergency dc bus to power 
this radio set and some other equipment (see figure 1-12). 


Operation of Command Radio 


1, Select PRESET position with the selector control 
(sliding button). 


Note 


Due to the proximity of the fuel selector switch 
to the ARC-34 command radio selector control, 
be certain that the desired control is selected 
prior to movement. 


2. Rotate main control switch to BOTH position and 
allow approximately two minutes to warm up main 
and guard receiver units. 


3. With channel selector knob, select a channel other 
than the desired channel. Allow tuning cycle to be 
completed, then return to desired channel. 


Note 
Full power for reception and transmission is 
not available if the first channel selected is used. 


4. Adjust volume control for desired audio level. 


5. For manual selection of a frequency that is not 
included in the preset channels, set selector control 
to MANUAL. The four windows across the top of 
the panel should open. Turn the four knobs at the 
top of the panel until the numerals indicating the 
desired frequency appear in the windows, (The 
main control switch must be at MAIN or BOTH 
for manual frequency selection.) This procedure 
places the set in receive condition. Transmission on 
the same frequency is obtained by depressing the 
microphone button. 


SAF 57-770 © оп, © airplanes modified Бу TTO 1F-102A-540. 
за Airplanes modified by ТСТО ІР-І02-727. 
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Note 
* The microphone button should be released 
before changing transmitter frequency. Approx- 
imately four seconds should elapse before trans- 
mission begins on a new frequency. 


ФА thermal relay stops the drive motor after 50 
to 125 seconds of continuous operation (switch- 
ing from one channel to another without stop- 
ping). If this occurs, place the main control 
switch to the OFF position and allow for a 
30-second cooling period. Then switch to the 
BOTH position and again select the desired 
channel. 


• Do not attempt to tune the receiver to any fre- 
quency below 225 megacycles, as the radio will 
not operate in this range. If a frequency is set 
manually below 225 megacycles continuous 
operation of the channeling drive motor results. 


6. То obtain transmission and reception of the guard 
frequency, move selector control to GUARD. 


7. То turn off receiver-transmitter, move main control 
switch to OFF. 


VOR RECEIVER — AN/ARN-14* 


Тһе УНЕ navigation receiving set consists of a control 
panel on the right-hand console, a course indicator on 
the, instrument panel, and a radio magnetic indicator 
also on the instrument panel. The dynamotor for this 
set is powered from the 28-volt dc essential bus. Indi- 
cator power is from the 26-volt ac bus. 


VOR Navigation Control Panel 


The VHF Navigation control panel (figure 4-6) has a 
power switch with ON and OFF positions, two fre- 
quency selector controls, a frequency window, and a 
volume-control knob. Rotation of the notched outer fre- 
quency control wheel selects the frequency from 108 to 
136 megacycles. The inner frequency selector is in the 
form of a rotary switch key and selects the frequency 
in tenths of megacycles. The frequency selected is shown 
in the frequency window. 


Course Indicator 


Тһе course indicator (34, figure 1-4) has a bearing selec- 
tor knob, a bearing window, а “TO-FROM” window, а 
course deviation indicator (vertical pointer), a glide- 
slope indicator (horizontal pointer), and a heading 
pointér. The bearing selector knob permits selection of a 
desired bearing, which is displayed in the bearing win- 
dow. The "ТО-ЕВОМ" window indicates whether the 


*AF 53-1791 thru 56-1241, -1317 thru -1358, -1369 thru -1392, 
-1394 © on, unless modified by ТСТО 1F-102-719. 
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bearing selected із а “to” ог "from" radial. The course 
deviation indicator (CDI) shows the position of the air- 
plane in relation to the desired bearing. The glide-slope 
indicator is used when the pilot is flying an instrument 
landing system approach. The heading pointer, actuated 
by the directional indicator (slaved) system, shows the 
heading of the aircraft relative to the selected bearing. 
The marker beacon light is illuminated when signals are 
received by the marker beacon radio. When the CDI is 
centered, the selected track will be maintained. If the 
pointer is deflected to the left or right, the airplane's 
heading is to the left or right the number of degrees 
indicated on the pointer scale. When radio signals are 
unreliable or too weak, an "OFF" flag appears at the 
end of the vertical bar or at the end of the horizontal 
bar, depending on which system is unreliable. 


Radio Magnetic Indicator 


Тһе radio magnetic indicator (RMI) (11, figure 1-4) 
consists of a rotating compass card, actuated by the direc- 
tional indicator (slaved) system, and a large and small 
pointer. Information from the flux valve compass trans- 
mitter (J-2 or )-4) turns the compass card under а 
heading artow at the top of the indicator to indicate the 
magnetic heading of the airplane. The double-barred 
pointer is actuated by the VOR receiver, and points to 
the magnetic bearing of the omni station being received. 
The smaller pointer is wired in parallel with the larger 
one and travels with it. 


Operation of VOR Receiver 


1. Position power switch to ON. 


~ 


Select desired frequency. 
3. Adjust volume to desired level. 
4 


4. To turn equipment off, position power switch to 
OFF. 


GLIDE-SLOPE RECEIVER — AN/ARN-18* 


This set is used in conjunction with the localizer portion 
of the omni-directional range radio. Visual glide-slope 
indications are presented on the omni-range receiver 
course indicator (34, figure 1-4) by means of the hori- 
zontal pointer of that instrument, The glide-slope 
receiver is controlled from the navigation radio control 
panel (figure 4-6). 


Operation of Glide-Slope Receiver 


1. Place the power switch on the УНЕ navigation 
control panel, in the ON position. 


2. Select the localizer frequency to be used. 
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Figure 4-6 


3. Observe glide-slope flight characteristics as indi- 
cated by the horizontal pointer of the course indi- 
cator. 


4. То turn set off, place omni-range power switch in 
OFF position, 


TACAN — AN/ARN-21** 


This set is designed to operate in conjunction with a 
specifically constructed surface navigation beacon to form 
a radio navigation system called Tacan (TACtical Air 
Navigation). This system enables an equipped airplane 
to obtain continuous indications of its distance and bear- 
ing from any selected Tacan surface beacon located 
within a line-of-sight distance of approximately 195 nau- 
tical miles. The AN/ARN-21 utilizes the radio magnetic 


ЗАР 53-1791 thru 56-1241, -1317 thru -1358, -1369 thru -1392, 
-1394 6 on, unless modified by ТСТО 1Е-102-719. 
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indicator, a range indicator, the course deviation indi- 
cator (CDI) (vertical pointer) of the course indicator, 
a Control panel, and an instrument selector panel. The 
АМ/АВМ-21 transmits interrogation pulses, receives bea- 
con pulses from the Тасап surface beacon and prepares 
the received information for display on the bearing and 
distance indicators. The system operates on the following 
ПНЕ frequency ranges: transmitter—1025 to 1150 mega- 
cycles; receiver—962 to 1024 megacycles and 1151 to 
1213 megacycles. There are 126 frequency channels, any 
one of which may be selected by setting the proper con- 
trols on the control panel. The equipment can operate at 
altitudes up to 50,000 feet. However, to prevent the possi- 
bility of arcing (flashover) at extreme altitudes, an alti- 
tude sensing switch is incorporated which shuts off the 
equipment automatically at a compartment pressure alti- 
tude of 45,000 feet = 2500 feet while climbing or 
restores operation at approximately 40,000 feet descend- 
ing. The equipment is powered by the 28-volt dc non- 
essential bus and the 115-volt ac nonessential bus. 
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Note 
Тасап will be inoperative with loss of either ac 
or dc generator. 


Tacan Control Panel 


The Tacan control panel (figure 4-7), located on the 
right-hand console, has a power switch with OFF, REC, 
and T/R positions, two channel selector knobs, a channel 
window and a volume-control knob. With the power 
switch in the REC position, the distance function of the 
set is disabled, and only bearing information is available. 
With the power switch in the T/R position, both bearing 
and distance information is displayed on the indicators. 
The left channel selector knob selects the first two figures 
of the Tacan beacon channel number, and the right chan- 
nel selector knob selects the third number. The volume 
control knob is used to adjust the volume of aural identi- 
fication signals received from the Tacan surface beacon. 


Note 


The Tacan surface beacon channels range from 
00 to 129; however, the AN/ARN-21 is 
designed to operate only on channels 01 to 126. 


Instrument Selector Panel 


An instrument selector panel (figure 4-8) containing a 
two-position switch is located on the right-hand console. 
The switch controls the CDI of the course indicator. 
With the switch in TACAN position, the panel illumi- 
nates the area labeled TACAN and the CDI responds to 
AN/ARN-21 functions. With the switch in ILS posi- 
tion, the area surrounding ILS is illuminated, and the 
CDI responds го localizer signals used in conjunction 
with the AN/ARN-31 during an instrument landing 
system approach. 


Radio Magnetic Indicator 


The radio magnetic indicator (RMI) (11, figure 1-4) 
includes a rotating compass card and two pointers. The 
rotating card is actuated by the directional indicator 
(slaved) system. The pointers which are connected to 
function as a single unit, are actuated by the receiver 
portion of the AN/ARN-21. Azimuth signals from the 
Tacan surface beacon are received by the AN/ARN-21 
and relayed to the RMI, causing the pointers to indicate 
the magnetic bearing of the Тасап surface beacon. With 
the control switch in the REC position, bearing informa- 
tion may be received even though the transmitter portion 
of the set is not energized. The set is so designed that 
when the correct bearing information cannot be deter- 
mined or the equipment is not functioning satisfactorily, 
the indicator will "search" or rotate rapidly so that the 
pilot will be unable to derive unreliable information 
from the azimuth indicator. 
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Тасап Range Indicator and Altitude Switch 
Over-Ride 

Тһе Tacan range indicator panel (figure 4-9) is installed 
on the instrument panel and contains the range indicator 
and altitude switch over-ride. The range indicator dis- 
plays the distance in nautical miles between the airplane 
and the Tacan surface beacon. The numerals in the 
window are controlled by the range circuits of the 
AN/ARN-21. These circuits measure the time elapsed 
between transmissions of the signal and the reception 
of the response signal from the Tacan surface beacon. 
Тһе time difference is then converted into digital infor- 
mation, which is displayed on the range indicator in 
nautical miles. While the indicator is "searching" for the 
Correct range or when the Tacan power switch is in REC 
position, the rotating numbers are partially covered by a 
red flag, which warns against reading incorrect distance 
indications. The altitude switch over-ride on the Tacan 
range indicator panel is provided to over-ride the auto- 
matic shutoff function of the altitude switch. The switch 
is placarded "Altitude SW Over-Ride" and has positions 
OFF and ON. Above 45,000 feet, when placed in the 
ON position, the altitude switch over-ride will restore 
operation of the Tacan equipment if the altitude switch 
has shut it off. 


Тһе altitude switch over-ride should not be used 
except in an emergency as arcing may occur in 
the Tacan equipment when operating above 
45,000 feet. 


Course Indicator 

Signals received by the AN/ARN-21 from the surface 
beacon are relayed to the CDI (vertical pointer) of the 
course indicator (34, figure 1-4). Deviation of the air- 
plane course either to the left or right of the transmit- 
ting beacon will be indicated by displacement of the 
CDI. For further information concerning course indica- 
tor, refer to "VOR Receiver CAN/ARN-14," this Sec- 
tion. 


Operation of an AN/ARN-21 


1, Power switch to either REC or T/R. 

2. Instrument selector switch to TACAN. 

3. Allow approximately 90 seconds warmup time after 
power is applied to nonessential buses. There is no 
delay when going from REC to T/R. 

4. Select desired beacon channel. 

5. Adjust volume to desired level. 


6. To turn equipment off, position power switch to 
OFF. 
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ILS RECEIVERS——AN / ARN-31* 


This set consists of localizer and glide slope receivers, a 
control panel and an instrument selector panel. Indica- 
tions from the AN/ARN-31 are displayed on the course 
indicator and give both vertical and horizontal guidance 
to a pilot making an instrument landing system approach. 
The localizer and glide slope operate 20 fixed frequency 
channels. The localizer frequencies range from 108.1 to 
111.9 and che glide-slope from 329.3 to 335.0. The stand- 
ard glide-slope frequency із automatically obtained when 
the desired localizer frequency is selected on the control 
panel. Two warning "OFF" flags are visible at the right 
end of the horizontal and at the lower end of the vertical 
bar on the course indicator whenever the signal level 
from the selected frequency is too weak to be reliable. 
The set is powered by the 28-volt dc nonessential bus 
and the 115-volt ac nonessential bus. 


ЗАР 56-1242 thru -1316, -1359 thru -1368, -1393, 57-770 © on, G 
airplanes modified by ТСТО 1F-102-719. 
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115 Control Panel 

The ILS control panel (figure 4-10) located on the right- 
hand console consists of a power switch, a frequency selec- 
tor knob, a frequency window, and a volume control 
knob. Placing the power switch from OFF to POWER 
puts the set into operation. Turning the frequency selec- 
tor knob selects any one of 20 localizer frequency chan- 
nels and automatically obtains the desired glide-slope. 
frequency. The localizer frequency selected is displayed 
in the window. 


Instrument Selector Pane! 


А two-position switch (figure 4-8), on the right-hand 
console, controls relays that connect the course indicator 
to either the ILS receivers or the Tacan receiver. The 
switch must be in ILS position for operation of the AN/ 
ARN-31 during an instrument landing approach. The 
instrument selector panel also contains a TACAN posi- 
tion which causes the vertical pointer (CDI) to respond 
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to AN/ARN-21 functions. The instrument switch and 
relays receive power from the 115-volt ac nonessential 


During an [LS approach, if disappearance of the 
glide-slope indicator warning "OFF" flag is 
delayed beyond normal expectation, it may be 
an indication that electrical power to the instru- 
ment selector relays is lost and the CDI informa- 
tion is being derived from a Tacan station. At 
the start of an ILS approach where the CDI 
warning "OFF" flag has disappeared but the 
glide-slope warning "OFF" flag is still visible, 
or at a locally prescribed check point, check to 
determine if there has been power loss to the 
relays by turning the bearing selector knob a 
few degrees away from the inbound heading. 
If the CDI responds to the bearing change, the 
signal was being received from а Тасап sta- 
tion and not the localizer. If the CDI does not 
respond to the inbound bearing change, the sig- 
nal was being received from the localizer, After 
both warning "OFF" flags have disappeared, 
a subsequent power loss to the instrument selec- 
tor relays will be detected by the horizontal 
needle warning "OFF" flag appearing and the 
horizontal needle will center itself and remain 
centered regardless of airplane movement. 


Operation of AN/ARN-31 


1. Place power switch in POWER position. 

2. Place instrument selector switch in ILS position. 

3. Select desired frequency. 

4. Set is ready for operation when warning flags are 
no longer visible. 

5. To turn set off, place power switch to OFF. 


MARKER BEACON RECEIVER—AN/ARN-12 
OR AN/ARN-32 


Early airplanes* are equipped with AN/ARN-12 receiver 
б with AN/ARN-32 receiver. Both 
are fixed tuned receivers and perform the same naviga- 
tional function. The marker beacon indicator light is on 
the course indicator. This equipment is in a standby con- 
dition at all times that dc power is supplied to the non- 
essential bus. 


IDENTIFICATION RADAR (IFF-SIF) —AN/APX-6A, 
AN/APX-25 


Тһе AN/APX-6A, АМ/АРХ-25 radar sets identify the 
airplane automatically according to prearranged modes 


*ÁF 53-1791 thru 56-1274, -1317 thru -1331, 
за AF 56-1275 thru -1316, -1332 Є on. 
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of operation when challenged by suitably equipped 
ground or airborne units. Interrogation signals are 
decoded and coded signals sent in return. The identifi- 
cation radar sets also have means for transmitting a 
special distress signal. The AN/APX-25 identification 
radar can Бе set by ground technicians to decode 
challenges from either of two ground or airborne identi- 
fication systems: the Mark X IFF, or the selective identi- 
fication feature (SIF) systems. SIF provides a greater 
number of possible coded replies than does the Mark X 
system. When operating in SIF, in addition to the con- 
ventional IFF controls used with the Mark X IFF 
(АМ/АРХ-бА radar installed ог AN/APX-25 radar 
installed, but set for Mark X IFF), it will be necessary to 
use the coder group control panel placarded "SIF." The 
master switch on the ТЕЕ control panel receives power 
from 28-volt dc essential bus to operate a relay control- 
ling power from the 115-volt ac essential bus which 
powers both radars. 


IFF Control Panel 


Тһе ТЕЕ control panel (figure 4-11) is located on the 
right-hand console and has the IFF master control! knob, 
a plunger button, and three toggle switches. The IFF 
master control knob is placarded "Master" and has posi- 
tions EMERGENCY, NORM, LOW, STDBY, and OFF. 
Placing the IFF control knob to EMERGENCY selects 
the special distress signal. The OFF position deener- 
gizes the identification radars. STDBY provides for set 
warmup with primary power on, but the receiver desensi- 
tized so that the set will not respond to interrogation 
signals. NORM position provides for normal set oper- 
ation, while the LOW position provides a partial receiver 
sensitivity which allows the set to respond to only very 
strong interrogation signals. Selection is achieved by turn- 
ing the IFF master control knob until the desired posi- 
tion appears below the selection arrow marker. To select 
EMERGENCY it is necessary to depress the plunger 
button іа the lower left-hand corner of the control panel 
while turning the control knob. This button prevents 
accidental selection of the emergency position. Normal 
operating selections are called modes — mode 1, mode 2, 
and mode 3. Mode 1 is selected by placing the IFF master 
control knob in the NORM position. Selection of addi- 
tional modes is accomplished by use of two mode selec- 
tor toggle switches with positions MODE 2 — OUT, and 
MODE 3 — OUT. 


Note 
Combinations of mode selections available are: 
mode 1 and mode 2, mode 1 and mode 3 and 
modes 1, 2, and 3. Mode 1 is always used, alone 
or with any combination of modes. 


Тһе third toggle switch is provided to supply a special 
"identification of position feature." This toggle switch 
has three positions placarded I/P, OUT, and MIC. It 
is spring-loaded to OUT from the I/P position, and 
must be held in the I/P position. When placed in the 
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МІС position, the microphone button must also be held 
depressed. The identification radar features provided by 
the incorporation of this switch have been supplied to 
aid ground and airborne air-controllers with special posi- 
tion identification problems and should be used only as 
directed. 


SIF Coder Control Panel 


The SIF coder control panel (figure 4-11) is located 
immediately behind the IFF control panel, on the right- 
hand console, and is used in conjunction with the IFF 
control panel when the АМ/АРХ-25 identification radar 
has been set to respond to SIF challenges. The selection 
of the mode of operation is done by positioning of the 
controls on the IFF control panel. The coder control 
panel is used to select the coded response to the selected 
mode 1, mode 3, or both. Coded SIF responses to a 
selected mode 2 are set on the ground and are provided 
automatically when mode 2 is selected on the IFF con- 
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Figure 4-11 


trol panel if the AN/APX-25 has been set to respond 
to SIF interrogations, The coder control panel consists 
of two dual concentric selector knobs. Тһе left-hand 
knob controls mode 1 SIF responses coding, the right- 
hand knob controls coded response to mode 3 SIF inter- 
rogations, Combinations of numbers on the inner and 
outer rings of each of the two selector knobs, aligned 
with the index markers, set the codes. 


Operation of Identification Radar (IFF-SIF) 
1. IFF master control knob — As desired. 


2. Mode 2 and mode 3 selector switchés — OUT, unless 
otherwise directed, 
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Note 
Set 1/P-OUT-MIC switch to OUT unless 
directed otherwise for identification of position. 


3. SIF coder group controls — Set for proper codes as 
directed. 

4. Yf in distress — Press dial stop plunger button and 
rotate máster switch to EMERGENCY position. Set 
will then automatically transmit distress signals 
when interrogated. 


LIGHTING EQUIPMENT 
EXTERIOR LIGHTING 


Exterior lighting* consists of 10 position lights, two land- 
ing lights and one taxi light. Three groups of position 
lights (fuselage, wing tip, and tail) are controlled by two 
Switches in the cockpit, which provide for the selection 
of dim, bright, and flashing circuits, The landing and 
taxi lights are controlled by a single selector switch. A 
white light is located on each side of the upper fuselage 
above the wing root leading edge. A similar white light 
is located in the right and left armament bay flipper 
door, below the wing root leading edge. The white lights 
are not on a flasher circuit, One light is located in each 
wing tip. Thé right-hand light has green lenses flush with 
the upper and lower surfaces of (Ба wing tip. The left- 
hand light has red leases flush with upper and lower 
surfaces, The four tail lights, one white and one amber 
on each side, are located on the right and left sides of the 
tail cone fairings, above the inboard trailing edges of 
the elevons. The upper light on each side is amber and the 
lower one is white. The wing tip and tail lights are on 
an automatically cycled flasher circuit, One landing light 
is mounted on the inner side of each main landing gear 
fairing door, so that the lights are in duty position when 
the main landing gear is extended and the doors are 
fully opened, The taxi light is mounted on the inner side 
of the nose landing gear fairing door. Neither landing 
lights nor taxi light can be turned on if the nose land- 
ing gear is not down and locked. 


Position Light Switches 


Two position light switches? (figure 1-21) are located at 
the bottom right corner of the utility switch panel. All 
lights are turned on by selecting either STEADY or 
FLASH position with the left switch, and either BRIGHT 
or DIM position with the right switch (both must be 
used, as they are in series). The FLASH position ener- 
Bizes two wing and tail light circuits alternately at the 
rate of approximately 40 cycles per minute, During one 
cycle, each circuit is energized and deenergized once. One 
circuit consists of left and right white tail lights and left 
(red) and right (green) wing tip lights. The other cir- 
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1. Lower (FF Antenna. (AN/APX-6A ог AN/APX-25.) 
2, Data Link Antenna. : я 
3. Marker Beacon Antenna. (AN/ARN-T2. ог AN/ARN:32.) 
4. Radar Antenno. (M6-10.) 

5. Glide Slope Antenna. (AN/ARN-18 or AN/ARN-31.) 


cuit consists of left and right amber tail lights. If the 
flasher fails, the circuit consisting of the white tail lights 
and the wing tip lights will be energized and wil! remain 
on steady. The flasher switch controls the 115-volt single- 
phase ac essential bus power to all the lights, and also the 
28-volt dc essential bus power to the flasher relays and 
controller. The dimmer switch controls only the 115-volt 
ac power to the lights. 


EXTERIOR LIGHTING 


Two retractable anticollision lights on the fuselage, two 
wing tip lights, two landing lights and one taxi light 
provide exterior lighting* for both inflight and ground 


6. Upper ІЕЕ Antenna. (AN/APX-6A or АМ/АРХ-25.) 

7. УВЕ Antenna (AN/ARN-14) or. Locolizer of AN/ARN-31. 

В. UHF Command- Radio. Antenna: (AN/ARC-34:) >. : à 
9. Nir-To-Air FIS (AN/APX-27) (PROVISIONS ONLY) " ЕН 
10. Тосап Antenna" (АМ/АВМ-21). : 5 
1. Air-To-Air FIS (ANZAP. c(PROVI 


Figure 4-12 


operation. One of the red anticollision lights is located 
on the upper centerline of the fuselage aft of the cock- 
pit and the other on the lower centerline of the fuselage 
aft of the main wheel well. The anticollision lights 
extend and illuminate whenever the position lights switch 
is in NAVIGATION position, They retract and turn off 
whenever the position lights switch is in FORMATION 
position or automatically when 335 KIAS is exceeded. 
On some airplanes**, to provide for more effective 
utilization of the rotating beacon lights as anticollision 
lights, the automatic extension and retraction feature has 


+АЕ 53-1801, -1802, -1809, 56-987 and 56-1430 through 57-909. 
"Airplanes modified by TCTO ІР-102-890. 
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been eliminated. The lights will extend in the NAVIGA- 
TION position or retract in the FORMATION positions 
respectively. With the anticollision lights retracted, a 
white light portion illuminates and provides lighting on 
both the upper and lower sides of the fuselage. 


WARNING 


Airplanes in the rotating beacon configuration 
do not provide adequate exterior lighting to 
meet night formation réquirements. Avoid night 
formation flight on a lead F/TF-102A airplane 
with the rotating beacon configuration if mis- 
sion requirements permit. 


One position light is located on each wing tip, a green 
light on the right side and a red light on the left side. 
One landing light is mounted on the inner side of each 
main landing gear fairing door, so that the lights are in 
duty position when the main landing gear is extended 
and the doors are fully opened. The taxi light is mounted 
on the inner side of the nose landing gear fairing door. 
Neither landing lights nor taxi light can be turned on if 
the nose landing gear is not down and locked. The land- 
ing and taxi lights are controlled by a single selector 
Switch. 


Position Light Switches 


Two position light switches* (figure 1-21) are located at 
the bottom right corner of the utility switch panel. The 
left switch has three positions: NAVIGATION, OFF, 
and FORMATION. In NAVIGATION position the red 
anticollision lights are turned on and extended, and the 
wing tip lights illuminate steadily, The right BRIGHT- 


DIM switch has no effect on the lights with the power 


switch in NAVIGATION position. In FORMATION 
position the anticollision lights are turned off and 
retracted, the wing tip lights illuminate steadily, and the 
white. portion of the anticollision lights illuminate at the 
top and bottom of the fuselage. The lights may be 
dimmed in this position. There is no flasher position 
provided. The NAVIGATION position controls 28-volt 
dc nonessential bus power to the anticollision lights and 
the 115-volt ac essential bus power to the transformer for 
wing-tip lights. The FORMATION position controls 
115-volt ac essential bus power to the transformer for 
wing tip lights and white fuselage lights. 


Note 


The rotating anticollision lights should be 
turned OFF during flight through conditions 


ЖАР 56-1430 & on. 
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of reduced visibility where the pilot could 
experience vertigo as a result of the rotating 
reflections of the lights against the clouds. In 
addition, the lights would be ineffective as anti- 
collision lights during these conditions since 
they could not be observed by pilots of other 
airplanes. 


Landing and Taxi Light Switch 


The landing and taxi light switch (figure 1-24) is located 
on the landing gear control panel, above the landing 
gear handle and has TAXI LIGHTS, OFF, and LAND- 
ING LIGHTS positions. The switch conttols power from 
the 28-volt dc nonessential bus, but is inoperative if the 
nose wheel is not down and locked. 


INTERIOR LIGHTING 


Interior lighting equipment includes the edge-lighting 
for the instrument panels, switch panels and consoles, the 
thunderstorm lights, cockpit floodlights, and the standby 
compass light. Edge-lighting of instrument panels, switch 
panels, and console panels is accomplished by small 
lights set into the panels. The plastic panel facing has 
an Opaque outer layer and a translucent inner layer. 
Light from the bulbs in the panels is conducted by the 
translucent inner layer to the edges of instruments and 
the edges of holes through which switches and controls 
protrude, thereby illuminating instruments and outlining 
switches and controls, Wherever lettering is cut in the 
opaque surface material, to identify or mark the positions 
of a switch or control, light shines through from the 
translucent layer and illuminates the letteting. Red flood- 
lights are directed at the right and left sides of the instru- 
ment panels and the tops of the consoles. White thunder- 
storm lights provide brilliant illumination of the cockpit 
to counteract the blinding effects of lighting on the 
pilot’s vision. Intensity of lighting in ac circuits is con- 
trolled by variable transformers, known as “powerstats.” 
Intensity of dc lighting is controlled by а rheostat. 
Powerstat and rheostat knobs are identical in appearance. 


Flight Instrument Рапе Lights Rheostat 


The flight instrument panel rheostat (33, figure 1-4) is 
located at the top center of the lighting control panel. 
Turning the knob clockwise from OFF to BRT controls 
the intensity of the fifteen panel lights that illuminate the 
flight instrument group in the center of the instrument 
panel, and the electrical control panel on some airplanes 
and also the standby compass light, when the compass 
light switch is in the ON position. Power to this rheostat 
comes from the 28-volt dc essential bus. 
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Forward Panel Lights Powerstat 


А powerstat placarded "Fwd Panels" at the top right cor- 
ner of the lighting control panel (33, figure 1-4) controls 
the intensity of the lighting for all of the engine instru- 
ment group on the instrument panel, and also for the 
armament control panel, the antenna scan control panel, 
the target altitude panel, the two small radar scope con- 
trol panels at either side of the radar scope, the far left 
side of the instrument panel, the utility switch panel, and 
the lighting control panel. Turning the knob clockwise 
from OFF to BRT controls the intensity of the lighting 
on these panels. Power to this powerstat comes from the 
115-volt ac essential bus. 


Console Lights Powerstat 


The console lights powerstat, located at the lower right 
corner of the lighting control panel (33, figure 1-4), is 
placarded "Console." Turning the knob clockwise from 
OFF to BRT controls the intensity of the lights on both 
consoles, and also the lights on the upright panels at the 
forward ends of the consoles. Power to this powerstat 
comes from the 115-volt ac essential bus. 


Cockpit Floodlights Powerstats 


Two floodlight powerstats are located at the left side of 
the lighting control panel (33, figure 1-4). One placarded 
“Inst Flood" controls intensity of the four red floodlights 
in two reflection shields aft of the main instrument panel. 
The other, placarded "Console Flood" controls the inten- 
sity of red floodlights above each console. Power to these 
powerstats comes from the 115-volt ac essential bus. 


Thunderstorm Lights Switch 


A switch placarded “Storm Lights" (figure 1-4) above the 
canopy unlocked warning light, at the extreme right end 
of the instrument panel, has ON and OFF positions and 
controls five white thunderstorm lights, located over the 
two consoles and aft of the instrument panel. When the 
Switch is in ON position, the master warning dimming 
relay is cut out, causing che master warning light, master 
warning light panel, landing gear unsafe warning light, 
canopy unlocked warning light, hydraulic pressure low 
warning light, fire and overheat warning light, and take- 
off trim light to be at full brilliance while the thunder- 
storm lights are on. On some airplanes* the canopy 
unlocked warning light is removed from the warning 
light dimming circuit and will appear at full brilliance 
any time the canopy is not locked. The thunderstorm 
light switch controls power from the 28-volt dc non- 
essential bus. 


* Airplanes modified by ТСТО 1F-102-773. 
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LIQUID OXYGEN SYSTEM 


The major components of the liquid oxygen system are 
a storage and converter unit, an oxygen pressure gage, a 
liquid oxygen content gage, an external filler valve, and 
an oxygen regulator. The storage and converter unit 
includes a five-liter (one liter equals about one quart) 
insulated storage container and a converter, which con- 
verts the liquid oxygen to gaseous oxygen and then sup- 
plies it to the oxygen regulator. The liquid oxygen 
content gage indicates, in liters, the supply of liquid oxy- 
gen in the storage container. The oxygen regulator is 
located on the left console on some airplanes and in the 
seat cushion-survival kit on other airplanes*. Gaseous 
oxygen is delivered from the converter to the regulator 
at a fairly constant pressure of about 70 psi, and the regu- 
lator, in turn, supplies the pilot with breathing oxygen. 
After a 24-hour boil-off period, the oxygen system supply 
allows for a maximum of 22.6 hours at a minimum 
demand and a minimum of 3.7 hours at a maximum 
demand. Oxygen duration at various altitudes is shown in 
figure 4-13. At sea level and with average temperature, 
a full supply of liquid oxygen dissipates through a relief 
valve in about five days, when the airplane remains on the 
ground and no demands are made on the system. The 
liquid oxygen system is serviced through a single-point 
filler valve located within an access door on the left side 
of the fuselage below the cockpit. 


LIQUID OXYGEN REGULATOR 


A combination pressure-breathing, diluter-demand MD-1 
oxygen regulator (figure 4-16) is mounted on the left 
console. Gaseous oxygen is supplied to the regulator at 
approximately 70 psi. The regulator reduces the oxygen 
pressure, mixes air with oxygen in varying amounts 
depending on altitude, temperature and pilot demand, 
and delivers it through a flexible tube to the pilot's mask 
or the K-1 helmet. At high altitudes, the regulator sup- 
plies positive-pressure breathing. Control of the oxygen 
system is accomplished by the use of three levers: the 
supply lever, the diluter lever, and the emergency toggle 
lever. The pilot receives an indication of system operation 
from the flow indicator and oxygen pressure gage located 
on the oxygen regulator panel. 


Diluter Lever 


The diluter lever, aft center on the regulator panel, has 
two positions, NORMAL and 100%. With the lever at 
NORMAL, the regulator mixes air with oxygen in vary- 
ing amounts, according to altitude, and delivers it through 
2 flexible tube to the pilot's mask or helmet, With the 
lever at 10096, the regulator delivers 100% oxygen regard- 
less of altitude. 


ЗАР 56-1275 thru -1316, -1332 & on, Ф airplanes modified by 
TCTO IF-102-642. 
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Emergency Toggle Lever 


The emergency toggle lever, aft left on the regulator 
panel, has two placarded positions, EMERGENCY and 
TEST, and an unmarked center (neutral) position. The 
toggle lever should remain in the neutral position at all 
times, unless an unscheduled pressure increase is required. 
Moving the toggle lever to EMERGENCY provides con- 
tinuous positive pressure to the mask for emergency use. 
When the toggle lever is moved to TEST, it provides 
positive pressure to test the mask for leaks. 


When positive pressures are required, it is man- 
datory that the oxygen mask be well fitted to 
the face. Unless special precautions are taken 
to insure against leakage, continued use of posi- 
tive pressure under these conditions will result 
in the rapid depletion of the oxygen supply and 
extremely cold oxygen flowing to the mask. 


Supply Lever 


The supply lever, aft right on the regulator panel, is 
safety-wired to the ON position. This lever has ON-OFF 
positions and controls oxygen pressure to the regulator 
accordingly. 


Note 
ТЕ the safety wire is broken there should not 
be concern as long as the lever is at ON. 


Pressure Gage and Flow Indicator 


A pressure gage and a flow indicator are located on the 
oxygen regulator panel. The pressure gage shows gas- 
eous oxygen supply pressure (pressure being furnished 
to the oxygen regulator inlet). The flow indicator con- 
sists of an oblong opening on the face of the regulator 
panel and shows black and white alternately during the 
breathing cycle. 


Liquid Oxygen Content Gage 


А liquid oxygen content gage is located just aft of the 
oxygen regulator panel. The gage provides an indication 
of the content of the storage container and is calibrated 
in liters from 0 to 5. 


Note 
The liquid oxygen content gage should read 
between 4 and 41; liters when the system is 
fully charged. Do not be alarmed that the gage 
does not read five liters, since it is impossible to 
charge the liquid oxygen converter to five liters. 


Section IV 


Liquid Oxygen System Preflighr Check 


Before takeoff the oxygen system should be checked as 
follows: 


Note 
This test procedure is applicable only for an 
initial preflight check of the system. Inflight 
tests or repeated tests made within short periods 
may produce false or misleading indications. 


1. Attach oxygen hose as outlined in figure 4-15. 
2. Check oxygen pressure gage at 70 to 110 psi. 
3. Check liquid content gage at three liters minimum 


with partial pressure suit or two liters minimum 
without partial pressure suit. 

4. Check supply lever ON. 

5. Check oxygen regulator with the diluter valve first 
at NORMAL and then at 100% as follows: Remove 
mask and blow gently into the end of the regulator 
hose as during normal exhalation. There should be 
resistance to blowing. Little or no resistance to 
blowing indicates a leak or faulty operation. 


6. With the oxygen mask connected to the regulator 
and the diluter lever at 100%, breathe normally into 
the mask and conduct the following checks: 


a. Observe flow indicator for proper operation. 


b. place emergency lever to EMERGENCY. A posi- 
tive pressure should be supplied to the mask. 
Return emergency lever to center (neutral) 
position. 

c. Hold emergency lever in TEST position. A posi- 
tive pressure should result within the mask. Hold 
breath to determine whether there is leakage 
around mask. Release emergency lever; positive 
pressure should cease. 

7. Retain diluter lever in 100% position or return 
diluter lever to NORMAL as required. 


Normal Operation of Liquid Oxygen System 


1. Before each flight, be sure oxygen pressure gage 
reads at least 70 psi and liquid content gage shows 
a minimum of three liters with partial pressure suit 
or two liters without partial pressure suit. If content 
is below this minimum, have oxygen system serviced 
before takeoff. 


2. See that oxygen supply lever is safety-wired in ON 
position. 
3. See that diluter lever is at 100% or NORMAL posi- 


tion as required. 
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Note 
€ Above 30,000 feet, a vibration or wheezing 
sound may sometimes be noted in the mask. 
This noise is a normal characteristic of regulator 
operation and may be overlooked. 


© Steady deep breathing will cause the quantity 
gage indicator to momentarily drop toward 
zero. This is normal and does not mean the 
oxygen. supply is depleted. 


Emergency Operation of Liquid Oxygen System 


A partial pressüre suit should be worn for all 
flights above 45,000 feet ambient altitude, 


If symptoms of hypoxia develop or if smoke or fumes 
enter the cockpit, proceed as follows: 


1. If operating on NORMAL, move diluter lever to 
100% position. 


2. Push emergency lever forward to EMERGENCY 
position. 

3. If oxygen regulator becomes inoperative, actuate 
emergency oxygen bailout bottle (which contains 
about à six-minute oxygen supply). Descend to a 
cockpit altitude below 10,000 feet as soon as possible. 


LIQUID OXYGEN REGULATOR 


A pressure breathing oxygen regulator" is mounted in the 
aft portion of the survival kit in the ejection seat. Gaseous 
oxygen is supplied to the regulator during normal opera- 
tion from the oxygen converter at approximately 70 psi 
or during emergency operation from the bailout oxygen 
supply in the survival kit (refer to SURVIVAL KIT 
Section I). Bailout bottle pressure is approximately 1800 
psi when fully charged and it is therefore necessary to 
reduce this pressure by means of a restrictor prior to 
delivery to the regulator. Two control units in the regu- 
lator, one for partial pressure suit capstan pressure and 
one for breathing and chest bladder pressure, regulate 
and deliver 100% oxygen to the pilot's mask ог K-1 hel- 
met and pressure suit. Using the airplane oxygen supply 
the regulator supplies oxygen under increasing pressure 
as altitude increases, Тһе regulator will not function as а 
diluter (will not mix the oxygen with air) and therefore 
delivers 100% oxygen at all times. When using an oxygen 
mask instead of the partial pressure suit and helmet, it is 
necessary to use an adapter to reduce the amount of oxy- 
gen pressure between the regulator and the mask, The 
oxygen system is controlled by a single switch on the 
oxygen control panel. 
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Liquid Oxygen Control Panel 


The liquid oxygen control panel* is located on the left- 
hand console and is placarded "Oxygen Supply." The 
panel contains a supply switch, a liquid oxygen content 
gage, and a pressure gage. The supply switch has ON- 
OFF positions and controls the flow of oxygen from the 
airplane supply to the oxygen regulator. The liquid oxy- 
gen content gage provides an indication of the content of 
the storage container and is calibrated in liters from 
0 to 5. 


Note 


Тһе liquid oxygen content gage should read 
between 4 and 4% liters when the system is fully 
charged. Do not be alarmed that the gage does 
not read five liters as it is impossible to charge 
the liquid oxygen converter to five liters. 


'The pressure gage shows gaseous oxygen pressure from 
0 to 500 psi, When oxygen is being used from the system, 
the pressure gage will normally indicate from 70 to 80 
psi. However, under static conditions and on a hot day 
the gage may indicate as high as 110 psi. 


Press-to-Test Button 


The oxygen system press-to-test button® is located on the 
forward edge of the survival kit. Depressing the button 
will provide positive pressure to the oxygen mask or pres- 
sure helmet to determine that the system is operating 
satisfactorily prior to takeoff. The press-to-test button is 
the only method of checking oxygen (other than decrease 
of liquid content and positive flow of oxygen through the 
system) as there is no blinker or flow indicator installed. 


Oxygen Mask Adopter 


An adapter” is provided with the survival kit and is to be 
used when the А-13 type oxygen mask is worn in lieu of 
the partial pressure helmet. The adapter consists of two 
separate units. One is an electrical plug which is to be 
plugged into the mask defog and communications leads 
in the personal equipment lead bundle on the survival 
kit. This unit will provide for a satisfactory receptacle for 
communications lead from the protective helmet and oxy- 
gen mask. The second unit is an adapter for the oxygen 
lead. This adapter provides a quick-disconnect connection 
for the oxygen mask hose and also serves as à pressure 
restrictor to reduce the oxygen pressure from the regu- 
lator to the mask, 


Liquid Oxygen System Preflight Check 
Before takeoff the oxygen system should be checked* as 
follows: 


SAF 56-1275 thru -1316, -1332 & оп, & airplanes modified by 
TCTO 1Е-602-642. 
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. Before entering cockpit, check bailout bottle pres- 


sure gage (located in survival kit) at 1800 psi. 


. Connect oxygen mask adapter to end of oxygen hose 


in personal equipment lead bundle if oxygen mask 
is to be worn instead of partial pressure helmet. 


3. Attach oxygen hose as outlined in figure 4-15. 


4. Check oxygen pressure gage at 70 to 110 psi. 


5. Check liquid content gage at three liters minimum 


с 


with partial pressure suit or two liters minimum 
without partial pressure suit, 


. Check supply switch ON. 
» With the oxygen mask connected breathe normally 


into the mask. As a slight positive pressure is sup- 
plied at all times there should be no resistance to 
breathing. 


. If a partial pressure suit is worn, depress the press- 


to-test button on the front of the survival kit. A 
definite positive pressure should result within the 
face plate. Hold breath to determine whether there 
is leakage around face plate. Release the press-to- 
test button. Check for normal breathing. 


. If an А-13А oxygen mask is worn, depress the press- 


to-test button. Release button as soon as a buildup 
is felt. 


Normal Operation of Liquid Oxygen System* 


1. 


Perform oxygen system preflight check as outlined 
above prior to each flight. After completion of pre- 
flight check, oxygen system is ready for normal 
usage. 


. Oxygen supply switch ON after fastening mask ог 


faceplate. 


. After landing when oxygen is no longer desired, 


turn oxygen supply switch OFF before opening 
mask or faceplate. 


The oxygen supply switch should neither be 
turned ON until immediately after the mask or 
faceplate is closed nor turned OFF until imme- 
diately before opening of the mask or face- 
plate. This will prevent a rapid depletion of the 
oxygen supply and also prevent low tempera- 
tures from damaging various components of 
the liquid oxygen system and causing personal 
injury. 
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Figure 4-14 


Emergency Operation of Liquid Oxygen System* 


1. If symptoms of hypoxia develop, check oxygen hose 
connections and check supply switch ON. 

2. If the ship's oxygen system is depleted or not sup- 
plying oxygen, actuate the bailout supply by pulling 
the green knob in the personal equipment lead bun- 
dle. Descend to a cockpit altitude below 10,000 feet 
within 12 minutes. 


Remove oxygen mask or faceplate when emer- 
gency oxygen supply is depleted. 


*AF 56-1275 tbru -1316, -1332 © on, © airplanes modified by 
ТСТО 1Е-102-642. 
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МСЗА 


АТТАСН OXYGEN MASK HOSE (MALE CON- 
NECTOR) TO PARACHUTE CHEST STRAP ВҮ 
WRAPPING THE MASK CONNECTOR TIE- 
DOWN STRAP UNDERNEATH AND UP BE- 
HIND THE CHEST STRAP TWICE, AS CLOSE 
ТО THE CHEST STRAP SNAP AS POSSIBLE. 


WARNING 


FAILURE TO QOUBLE LOOP THE CONNECTOR TiE-DOWN 
STRAP AROUND THE PARACHUTE CHEST STRAP MAY 
PERMIT THE TIE-DOWN STRAP TO SLIP INTO АМО ОРЕН 
THE CHEST STRAP SNAP DURING EJECTION: 


ATTACH BAIL-OUT BOTTLE HOSE TO 
THE PORT OF THE CONNECTOR BY 
INSERTING THE MALE COUPLING OF 
BAIL-OUT BOTTLE HOSE AND TURN- 
ING ТР CLOCKWISE AGAINST SPRING- 
SNAP ATTACHMENT LOADED COLLAR. 
STRAP: ENDS TOGETHER у 


COMMUNICATIONS АМО 
HEATER. CONNECTOR 


LL. CONNECT THE MASK-TO-REGULATOR TUB- 
ING FEMALE DISCONNECT TO THE OXYGEN 
4 MASK MALE CONNECTOR. LISTEN FOR THE 
CLICK AND VISUALLY CHECK THAT SEALING 
d GASKET IS ONLY HALF EXPOSED. 


La 


6 CAP SUIT. BLADDER AND. 
N CAPSTAN FHTINGS 


N (MUST BE CAPPED WHEN THE 
.AT3A OXYGEN MASK IS WORN 
AS SHOWN) 


A USE PERSONAL LEADS: EXTENSION 10 VARY PERSONAL LEADS LENGTH. 


AS REQUIRED ACCORDING 10 IRDIVIDUAL РИО? HEIGHT, x 


Ша 


Figure 4-15 


C 
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INSERT CONNECTOR INTO CONNECTOR i" 
MOUNTING PLATE ATTACHED ТО | N 
PARACHUTE HARNESS, CHECK, THAT . ^ 
CONNECTOR 15 FIRMLY ATTACHED |. / 
AND THAT LOCKPIN IS LOCKED. d 


CONNECT EMERGENCY BAILOUT | үр `, 
BOTTLE HOSE. 2 4 


COMMUNICATIONS AND 
HEATER CONNECTOR. 


TOR, AND TURN CONNECTOR TO LOCK 
115 PRONGS INTO RECESSES IN LIP ÜF 
RECEIVING PORT. . 


! 
` CONNECT REDUCER ADAPTER У 


CONNECT PERSONAL 5 : 7 

LEADS EXTENSION 
' А 6! CAP SUIT. BLADDER AND ~ 
1 CAPSTAN FITTINGS : 


^ (MUST DE CAPPED WHEN THE 
АІЗА OXYGEN MASK 15 WORN 
А5 SHOWN} 


© 

| PERSONAL LEADS. ASSEMBLY 
І 

| 


О) 219102 
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3. If wearing ап A-13A oxygen mask and cabin pres- 
sure is lost, an immediate descent to 30,000 feet or 
below is mandatory. 


А partial pressure suit should be worn for all 
flights above 45,000 feet ambient altitude. 


AUTOMATIC FLIGHT CONTROL SYSTEM 


The automatic flight control system (AFCS) consisting 
of analog computing equipment which, when coupled 
with the airplane damping system and the МС-10А fire 
control system, provides automatic flight control of the 
airplane in three modes: pilot assist, attack, and landing 
approach. Command signals from the AFCS, combined 
with pitch-rate, roll-rate, yaw-rate, and effective elevon 
position signals deflect the control surfaces, through 
hydraulic actuators, to steer the desired course. The air- 
plane damping system must be engaged and the MG-10A 
master switch must be in STBY or ON before automatic 
flight is possible. During all automatic modes of opera- 
tion, the control stick follows the motion of the control 
surfaces. To prevent application of excessive aileron, limit 
switches are incorporated to disengage the AFCS switch 
and the pitch damper switch when aileron travel exceeds 
2.59. Pitch g limiting is provided to prevent airplane 
acceleration limits from being exceeded and to prevent 
subjecting the pilot to an uncomfortable number of g's 
in all modes of operation. Refer to Section V for AFCS 
limitations. 


PITCH G LIMITER 


Airplanes having AFCS are equipped with a pitch g 
limiter which prevents the automatic flight control system 
from subjecting the airplane to excessive pitch g forces. 
The preset limits аге 4% g's positive and 1% g’s 
negative or a positive pitch rate of 45° per second and 
negative pitch rate of 15° per second. If the preset limits 
are reached, the pitch g limiter removes electrical power 
from the solenoid-held switches of the automatic flight 
control system (all modes) and the pitch damper circuit. 
The yaw damper remains engaged to aid the pilot in 
maintaining coordinated flight after the automatic flight 
control system is deactivated. A preflight check of the 
limiter should be made prior to all flights by means of a 
test switch on the utility switch panel. This check may 
also be petformed in flight. Power to the pitch g lim- 
iter originates from the 115-volt ac essential bus. 


PILOT ASSIST MODE 


The pilot assist mode relieves the pilot of routine steer- 
ing tasks by performing conventional autopilot functions 
such as: (1) altitude ог pitch attitude hold, and (2) 
heading or bank attitude hold. Primary inputs to AFCS 
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in this mode are from the MG-10A vertical gyro, the air- 
plane directional indicator, and ambient air pressure 
signals. The pilot may select whether he wishes to hold 
pitch attitude or altitude by positioning a switch on the 
AFCS control panel. Pitch attitude will be maintained 
with this switch in the OFF position. Pitch attitude is 
held by mixing signals from the vertical gyro and a pitch 
memory servo which registers the attitude at the time of 
engaging. If altitude hold is selected, a barometric alti- 
tude control unit is engaged. This unit produces an error 
signal proportional to ambient air pressure changes which 
is used to hold the altitude as it was when the unit was 
engaged. Altitude hold function utilizes the airplane 
static pressure sensing system, and, accordingly, the static 
pressure sensing errors will be reflected in the form of 
pitch changes while operating in the transonic region. 
After passing through the transonic zone, pitch changes 
will continue as altitude hold seeks the altitude held at 
time of engagement. Heading hold function may be 
selected by means of a switch on the AFCS panel. If the 
airplane's wings are within 5? of level flight when AFCS 
and heading hold are engaged, signals from the airplane 
compass and heading memory servo maintain the head- 
ing. If the bank angle exceeds 5? and heading hold is 
engaged, or any time the heading hold is off, the vertical 
gyro and the bank memory servo combine to produce an 
error signal to hold the bank attitude. The heading hold 
Switch must be engaged at any time heading hold is 
desired. Heading hold ertors will be evident as a result of 
airplane compass (J-4) precession. Large changes of alti- 
tude, pitch attitude, bank attitude, or heading may be 
made manually by momentary release of AFCS by using 
a momentary interrupt trigger on the control stick, How- 
ever, if altitude hold has been selected, depression of the 
trigger will return this switch to OFF, Small changes 
of altitude, and bank attitude (if prevailing bank attitude 
exceeds 5?) may be made by using the elevon trim button 
to "beep" in signals to the AFCS. The heading hold 
switch, must be OFF to maintain bank angles of less than 
5°, When beep trimming in bank attitude, if the trim 
button is released when the wings are within 5° of level 
flight and the heading hold switch is engaged, the air- 
plane will return to level flight attitude. If altitude hold 
has been selected, trimming in pitch will return this 
switch to OFF. When the trim button is used, the pitch 
and гоП references will change at a constant rate as long 
as the button is displaced. With AFCS engaged, the 
pilot assist mode will function until the radar is locked 
on or the AILAS is engaged. When engaging AFCS, 
if the system does not function properly, monitor cir- 
cuits prevent engaging and return the switch to OFF. 


ATTACK MODE 


The AFCS attack mode automatically steers the airplane 
on the computed lead collision course for rocket or mis- 
sile firing. With AFCS in operation, the radar attack is 
performed automatically after the desired. armament is 
selected and the radar is locked on. The automatic run 
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continues until armament firing occurs unless АЕС$ is 
manually disengaged by the pilot or a collision warning 
signal automatically disengages the attack mode. Loss of 
lock-on or appearance of the pullout signal on the radar 
scope returns AFCS to pilot assist (attitude hold) mode. 
The preselected armament will fire automatically during 
all automatic attack runs. During automatic operation, 
electronic limiting provides g limits of 133 g to 
+5. р and limits the command voltage to a value 
within these g limits. In the attack mode, the primary 
inputs to AFCS are the same as those to the steering dot 
on the pilot's scope. AFCS translates the azimuth and 
elevation steering signals into requests for control surface 
movement. Control surfaces are deflected to steer the air- 
plane toward the correct lead collision course at a rate 
proportional to the off-course error signal. Thus, in the 
case of large steering error, the airplane turns rapidly 
initially, then as the error decreases, the rate of turn 
decreases proportionally. During the attack phase, the 
elevon trim button is inoperative and cannot be used to 
beep ог feed trim signals to vary the airplane attitude. 


AUTOMATIC INSTRUMENT LANDING 
APPROACH SYSTEM (AILAS) 


In this mode, the airplane is automatically flown through- 
out an ILS approach. Throttle control, landing gear 
actuation, and flareout and landing are manually ассал- 
plished by the pilot. Throughout the approach, the course 
indicator should be monitored for proper operation of 
the system. A light in che AILAS pushbutton switch 
illuminates to indicate engagement. The automatic 
approach consists of two phases: constant altitude and 
glide-slope. The constant altitude phase extends from 
AILAS engagement to glide-slope entry. The glide- 
slope phase begins with glide-slope entry and extends to 
termination of the automatic approach. Preparatory to 
initial AILAS engagement, the pilot must set the proper 
runway heading into the ILS course indicator. This 
insures that localizer course deviation (as determined 
from the localizer beam signal) and the heading error 
signal (difference between the airplane compass heading 
and the selected runway heading) combine to provide 
horizontal steering signals for localizer beam entry, brack- 
eting, and flying the center of the localizer beam. Engage- 
ment may be made on any heading in the localizer engage 
area which is a circle of four miles diameter centered 12 
miles from the runway. However, an entry of 45? or less 
to the localizer heading is recommended to insure early 
localizer capture and minimum overshoot. Altitude at 
engagement should be 1500 feet above runway altitude 
as AILAS steering sensitivity during glide-slope descent 
is reduced as a function of sensed barometric pressure 
increase equivalent to 1500 feet. Prior to glide-slope 
entry, bank angle is limited to 33° (+3°). Glide-slope 
entry is indicated by airplane pitch change in desponse to 
the glide-slope signal. Thereafter, glide-slope deviation 
signals are used for vertical steering in place of pressure 
altitude signals which served to maintain altitude during 
the constant altitude phase. During the glide-slope phase, 
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Figure 4-16 


bank angle limiting is reduced to 15°. When visual con- 
tact with the runway is established, the momentary inter- 
rupt trigger should be held depressed, and the landing 
should be completed manually. 


Flare and landing must be accomplished manu- 
ally as the landing gear wil! not withstand the 
impact at 170 KIAS along the 3? glide-slope. 


An ILS localizer signal interruption or failure prior to 
glide-slope entry or any ILS signal interruption will cause 
AILAS disengagement either immediately or at glide- 
slope coincidence, and flight control will automatically 
revert to pilot-assist mode. If normal ILS signals are 
restored before glide-slope entry, AILAS mode may be 
reengaged in the normal manner. Refer to AUTOMATIC 
APPROACH (AILAS), Section IX, for automatic 
approach procedures. 
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PITCH G LIMITER TEST SWITCH 


On later airplanes, а test switch (figure 1-21) on the 
utility switch panel placarded "Pitch G Limiter Test" has 
positions +G, —G, and a spring-loaded (center) posi- 
tion. When the automatic flight control system is engaged, 
placing the g limit test switch to either the +G or —G 
position will actuate the g limiter, thus disengaging hold- 
ing solenoids to return the pitch damper switch, and all 
AFCS switches to their OFF positions. When the switch 
is held in the +G position, an electrical input equivalent 
to that produced at five g's is fed to the limiter. In the 
—G position, an input signal equivalent to —2g's is fed 
to the limiter. The pitch g limiter test switch is operated 
by the 28-volt dc nonessential bus. 


AUTOMATIC FLIGHT CONTROL 
SYSTEM SWITCH 


The AFCS switch (figure 4-16), located on the AFCS 
control panel, is а two-position switch with AFCS and 
OFF positions, This switch supplies power from the inte- 
grated power supply for the three modes of AFCS opera- 
tion and may be engaged when the pitch and yaw 
dampers are on and the radar master switch is in STBY 
or ON. With the switch in the solenoid-held AFCS posi- 
tion, the following conditions may be established: 
1, Attack mode is automatically selected upon radar 
lock-on except in the SNAKE mode. 
2. Landing approach mode will operate when the 
AILAS switch is engaged. 


3. The pilot assist mode will function at all other 
times. 


The AFCS switch receives power from the 28-volt dc 
nonessential bus, 


ALTITUDE HOLD SWITCH 


The altitude hold switch (figure 4-16), located on the 
AFCS control panel, is a two-position switch with ALTI- 
TUDE HOLD and OFF positions. During the pilot assist 
mode of operation, pressure altitude will be maintained 
when the switch is in the solenoid-held ALTITUDE 
HOLD position. With the switch in the OFF position, 
pitch attitude of the airplane will be maintained. The 
holding solenoid which engages the switch will release, 
and the switch will return to OFF under the following 
conditions: 

1. Switch manually returned to OFF. 
Momentary interrupt trigger is depressed, 
Тһе airplane is beep-trimmed in pitch. 


. Fire control system lock-on is obtained. 


ово» N 


. AILAS is engaged. During the constant altitude 
phase of AILAS, the switch wil! return to OFF but 
the system will continue to hold the engage altitude 
until glide-slope entry. 
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6. Emergency damper disconnect button is depressed. 


Тһе altitude hold switch receives power from the 28-volt 
dc nonessential bus. 


AILAS BUTTON 


The AILAS button (figure 4-16) on the AFCS control 
panel is а pushbutton switch placarded "AILAS" with 
instructions to PUSH ON оп the face of the switch. 
When the switch is pushed in for engaging a green 
light illuminates, indicating successful engagement. The 
indicator light may be dimmed by clockwise rotation. 
When the switch is engaged, AILAS follows instru- 
ment landing system localizer and glide-slope signals 
to direct the airplane throughout an ILS approach. 
The AILAS switch can be engaged only if AFCS is 
engaged, and ILS signal is received, and the airplane is 
below the glide-slope. This switch receives power from 
the 28-volt dc nonessential bus. 


HEADING HOLD SWITCH 


The AILAS button (figure 4-16) on the AFCS control 
panel is a pushbutton switch placarded "AILAS" with 
instructions to PUSH ON on the face of the switch. When 
the switch is pushed in for engaging, a green light illu- 
minates, indicating successful engagement. The indicator 
light may be dimmed by clockwise rotation. When the 
switch is engaged, AILAS follows instrument landing 
system localizer and glide-slope signals to direct the air- 
plane throughout an ILS approach. The AILAS switch 
can be engaged only if AFCS із engaged, and ILS signal 
is received, and the airplane is below the glide-slope. This 
Switch receives power from the 28-volt dc nonessential 
bus. 


1. Switch manually returned to OFF. 
2. AFCS switch returned to OFF. 
3. Emergency damper disconnect button depressed. 


Тһе heading hold switch is powered by the 28-volt dc 
nonessential bus. 


AUTOMATIC FLIGHT CONTROL SYSTEM 
PREFLIGHT 


After starting engine, perform the following checks prior 
to all AFCS flights: 


1. Radar master switch — 5ТВУ or ON. 

2. Artificial horizon— Appears within about 30 seconds, 
Check for appearance of artificial horizon on 
Scope and that the vertical gyro erects in about 
60 seconds. 


3. Pitch and yaw damper systems — Engage. 
4. AFCS switch — AFCS; should engage in about 90 
seconds. 
Check that no objectionable stick movement occurs 
when the switch is placed to AFCS. 
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5. Longitudinal beep trim — Check. 
Check longitudinal beep trim by trimming NOSE 
UP and NOSE DN, checking that control stick 
follows trim button displacement freely. 


6. Pitch trim follow up — Check. 
Check longitudinal elevon trim followup by plac- 
ing AFCS switch to OFF while stick position is 
trimmed to approximately three inches up or 
down elevon. Stick movement should be slight. 


7. Lateral beep trim — Check. 

Check lateral beep trim by trimming RWD and 
LWD, noting that control stick follows trim but- 
ton displacement freely. When aileron application 
exceeds 2.5? (control surface deflection), note 
that aileron limit switches cause pitch damper and 
AFCS switches to return to OFF and stick returns 
to neutral. Re-engage pitch damper and AFCS 
switches. 


8. Momentary interrupt trigger — Depress; check man- 
ual flight. 


Depress momentary interrupt trigger and check 
that manual flight control is available. Release 
trigger. 


Note 
If aileron application exceeds 2.5? while check- 
ing for manual control, it will be necessary to 
re-engage the AFCS switch. 


9. Override — Check. 
Check for override of AFCS by rapidly moving 
the control stick. 


Note 
If aileron application exceeds 2.5? while check- 
ing for override of the system, it will be neces- 
загу to re-engage the pitch damper switch and 
the AFCS switch. 


10. Pitch g limiter test switch — +G; note that pitch 


damper and AFCS switches return to OEF. 
Re-engage switches. 


11. Pitch g limiter test switch — —G; note that pitch 


damper and AFCS switches return to OFF. 
Re-engage switches. 


12. Emergency damper disconnect button — Depress. 


Depress the emergency damper disconnect button 
and check that the AFCS and pitch and yaw 
damper switches disengage. 


13. Takeoff trim — Set. 
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AUTOMATIC FLIGHT CONTROL SYSTEM 
NORMAL OPERATION 


Engaging Procedure 


Note 

AFCS automatically disengages during vertical 
gyto erection. If the artificial horizon display on 
the pilot’s scope does not function properly or 
will not cage, AFCS should noc be engaged. 
The vertical gyro that furnishes the artificial 
horizon display also furnishes signals to the 
automatic flight control system for pitch and 
bank attitudes and, when not operating prop- 
erly, may cause incorrect and erratic control 
surface movement. 


. Radar master switch—STBY or ON. 

. Pitch and yaw damper systems—Engage. 

- Trim for desired flight attitude. 

, Artificial horizon—A ppears within about 30 seconds. 


Check for appearance of artificial horizon on 
Scope and that vertical gyro erects in about 60 
seconds. 


5. With momentary interrup trigger depressed, AFCS 


switch — AFCS. 


6. Momentary interrupt trigger — Release to engage 


AFCS. 


7. Heading hold switch — HEADING HOLD. 
8. Altitude hold switch — ALTITUDE HOLD. 


Note 
Тһе altitude hold switch should be engaged 
in approximately level flight. Engaging while 
climbing or descending will result in an over- 
shoot condition before damping to a constant 
altitude. 


When operating in altitude hold, the altitude hold switch 
will return to OFF if the airplane is beep-trimmed in 
pitch, momentary interrupt trigger is depressed, or if 
auto attack or AILAS is engaged. The attack mode is 
automatically engaged when the pilot assist mode of 
AFCS is in operation, proper armament is selected, and 
radar lock-on is obtained. Refer to NORMAL OPERA- 
TION OF FIRE CONTROL SYSTEM, this Section, for 
operation of the attack mode. 


Disengage Procedure 


Momentary disengaging is available by depressing the 
momentary interrupt trigger. If it is not desired to 
re-engage AFCS immediately, any of the following actions 
will disengage the system: 


1. AFCS switch — OFF. 
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2. Radar master switch to WARM or OFF. 
3. Pitch and yaw damper systems — Disengage. 
4. Emergency damper disconnect button — Depress. 


Note 
Depressing the emergency damper disconnect 
button also disengages the damper systems. 


Abbreviated Check List 


Refer to Т.О. 1F-102A-(CL)1-1 for the Abbreviated 
Check List of the above procedures. 


NAVIGATION EQUIPMENT 


STANDBY COMPASS 
Refer to INSTRUMENTS in Section I. 


DIRECTIONAL INDICATOR (SLAVED)—J-2 
COMPASS SYSTEM 


This system* consists of а flux valve transmitter installed 
neat the tip of the left wing, a control gyro and amplifier 
installed in the nose wheel well, and the rotating dial 
element of the radio magnetic indicator (refer to COM- 
MUNICATIONS AND ASSOCIATED ELECTRONIC 
EQUIPMENT, this Section) on the instrument panel. 
The system is basically a gyro-stabilized compass that is 
automatically kept on a true magnetic north heading by 
signals from the flux valve transmitter, which detects the 
north-south flow of the earth's magnetic field, The direc- 
tional gyro control contains an electrically driven gyto, 
having a spin axis tangent to the earth's surface. The 
руго is also slaved to the flux valve transmitter, which 
puts in corrections referenced to the earth's magnetic 
meridian. The system provides an indication of magnetic 
headings without northerly turning error, oscillation or 
swinging. The compass system is operable when ac and 
dc essential bus power are available. 


Note 
Should ac power fail, dc power to the system 
will also be cut off by the interlock relay. How- 
ever, dc power failure will not disconnect ac 
power to the system. 


For the first three or four minutes of operation, the gyro 
is on a fast slaving cycle and will precess rapidly. During 
this time it should align with the magnetic heading. The 
gyro then begins a slow slaving cycle. The directional 
indicator (slaved) is free from drift and requires no 
resetting in normal operation. 


Note 
After the gyro reaches operating speed, the 
indicator should be checked against the standby 
compass indication to make sure the indicator 


CAF 53-1791 thru 55-3379 unless modified by TCTO 1F-102.A-546. 
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does not show а 180-degree ambiguity. The sys- 
tem ís not operating properly if such ambiguity 
exists. 


Indicator readings are incorrect if the airplane exceeds 
85 degrees of climb, dive, or bank. 


Directional indicator (Slaved) Fast Slave Button 


А. fast slave button at the top left side of the instrument 
panel provides а means of stabilizing the gyro after it 
has been upset by overbanking or acrobatics. Depressing 
the button interrupts 28-volt dc essential bus power to the 
compass. When the button is released, power is restored 
and the fast slaving cycle is initiated to permit faster gyro 
recovery to the true heading. 


To avoid damage to the slaving torque motor, 
the fast slave button should not be used too fre- 
quently. Allow ten minutes between actuations, 
and hold button depressed no longer than two 
seconds. 


Directional Indicator (Slaved) Slaving Switch 


А switch on the top left side of the instrument panel 
has two positions, NORMAL and DESLAVE. When in 
DESLAVE position the switch applies dc power to a 
relay in the amplifier unit to open the circuit that slaves 
the control gyro to the flux valve transmitter. This switch 
is used in polar regions where the excessive dip in the 
earth's magnetic lines of force causes compass indications 
to become inaccurate. With the switch in DESLAVE 
position the compass system may still be used tempo- 
ratily as a turn indicator if conventional procedures for 
making gyro drift corrections are employed. Except for 
the special circumstances noted, the switch should always 
be on NORMAL. 


Directional Indicator (Slaved) Correction Card 


А. correction card and holder are located on the left side 
of the cockpit above the console, and forward of the 
throttle quadrant. 


DIRECTIONAL INDICATOR (SLAVED) — Ј-4 
COMPASS SYSTEM 


The )-4 compass system? may be used as a directional gyro 
corrected for apparent drift due to the earth's rotation or 
as a directional gyro stabilized magnetic compass. The 
J-4 compass system consists of a directional control gyro, 
an amplifier-servo assembly, a control panel (figure 4-17) 
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on the right-hand console, and the rotating compass card 
of the radio magnetic indicator on the instrument panel. 
The two modes of operation, "magnetic slaved” and 
"directional gyro," provide accurate directional reference 
for all latitudes. Magnetic slaved mode may be used at all 
latitudes; however, a severe magnetic distortion occurs 
when operating near the magnetic poles. When in mag- 
netic slaved mode the system is basically a gyro-stabilized 
compass slaved to the flux valve (remote compass) trans- 
mitter. This mode provides magnetic headings without 
northerly turning error or oscillations. Directional gyro 
mode may be used at all latitudes but is most useful when 
the magnetic field is weak or distorted or when navigat- 
ing in polar regions. When in directional gyro mode, the 
system is free of magnetic influence and operates as a 
directional gyro indicating an arbitrary gyro heading 
(cotrected for apparent gyro drift due to the earth's rota- 
tion) as selected by the pilot, At different latitudes, 
apparent gyro drift due со earth's rotation varies, with 
the smallest amount of drift being at the equator and the 
greatest amount in the polar regions. In directional gyro 
mode, with the proper latitude selection made on the con- 
trol panel, the gyro is made to precess the correct amount 
required to overcome gyro drift at the selected latitude. 
The J-4 compass system also serves as a directional refer- 
ence for the automatic flight control system and supplies 
information to the УНЕ navigation indicators. The sys- 
tem is powered by the 200/115-volt and 26-volt, 400-cycle 
ac essential bus and the 28-volt dc essential bus. Оп some 
airplanes the J-4 compass control panel lights will illumi- 
nate whenever the 28-volt dc essential bus is energized. 
On later airplanes” the control panel lights аге con- 
trolled by the console light switch located on the light- 
ing control panel (33, figure 1-4). The system is ener- 
gized whenever power is supplied to the essential buses. 


Directional Indicator (Slaved) Correction Card 


А correction card and holder are located on the left side 
of the cockpit above the console, and forward of the 
throttle quadrant. 


Function Selector Switch 


Тһе two-position function selector switch (figure 4-17), 
located on the J-4 compass control panel, has positions 
DG and MAG. DG position selects directional gyro 
mode; МАС selects magnetic slaved mode. The switch 
receives power from the 28-volt dc essential bus. 


Synchronizer “SET” Switch and Synchronization 
Indicator 


The synchronizer "set" switch (figure 4-17), located on 
the J-4 compass control panel, provides a manual means 
to fast slave, or synchronize, the rotating compass card of 
the radio magnetic indicator to the correct magnetic 


ЗАР 57-770 © on. 


Section IV 


0-1 compass 
eontrol panel 


Figure 4-17 


heading when the system is in magnetic slaved operation. 
When in directional gyro mode, the “set” switch is used 
to position thé compass card to the desired gyro heading. 
The switch has a spring-loaded SET position at the top 
center and may be moved, against spring tension, to the 
left "DECR —," position or to the right, "INCR +,” 
position, 'Two intermediate dash marks on either side of 
SET position indicate slow or fast synchronization. The 
first dash mark on either side provides a slewing rate of 
у, rpm and the second mark provides а slewing rate of 
seven to nine rpm. When in DG operation, the direction 
of movement of the "set" switch is determined by whether 
an increased or decreased heading is desired. W'hen in 
MAG operation the direction of displacement of the "set" 
switch is determined by a synchronization indicator (fig- 
ure 4-17) above the function selector switch on the con- 
trol panel. When the function selector switch is in MAG 
the synchronization indicator is exposed and is placarded 
МАС. А center dash mark at the bottom of the indicator 
is opposed by a pointer which is secured at the top 
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(pendulum-like) and is caused to swing to either a “+” 
indication on the left or a "—" indication on the right by 
signals from the flux valve transmitter. When the pointer 
is off center to the “+” side, the "set" switch is moved 
to the "INCR +" direction to the desired rate of slewing 
until the synchronization pointer swings down to the 
center position. If the pointer is indicating “—,” the knob 
is moved to the "DECR —” position to center of the 
pointer, Centering the pointer of the synchronization 
indicator synchronizes the rotating compass card to the 
correct magnetic heading. The "set" switch receives power 
from the 28-volt dc essential bus. 


Hemisphere Selector Screw and Indicator 


Тһе hemisphere selector screw (figüre 4-17) оп the com- 
pass control panel is used to select the hemisphere in 
which the airplane is operating. A small window beside 
the screw displays "N" or "S" to indicate the hemisphere 
selected. 


Latitude Selector Switch 


The latitude selector switch (figure 4-17) on the compass 
control panel is used to rotate a circular dial at the base 
of the knob placarded LAT. The circular dial is numbered 
from 0 to 90 to indicate degrees latitude and has a mark 
for each two degrees. The latitude selector switch and dial 
ate operative in DG mode and are used to select the lati- 
tude in which the airplane is operating. When in DG 
operation, with the operating latitude selected, the direc- 
tional gyro will be corrected for apparent drift due to 
the earth's rotation. 


Note 
The proper corrections will not be made if the 
hemisphere selector screw is not indicating the 
Correct hemisphere. 


Тһе latitude selector switch receives power from the 
28-volt dc essential bus. 


NORMAL OPERATION OF THE 3-4 COMPASS 


Magnetic Slaved Mode 
1. Select MAG with the function selector switch. 


2. Allow approximately two minutes warmup time 
after power is applied to the essential buses. When 
power is initially applied, or when switching from 
DG, a fast slaving action is applied for the fitst 15 
seconds to synchronize the compass card with the 
flux valve (remote compass) transmitter. After the 
initial fast slave cycle, the system returns to the 
normal slewing cycle of 2? per minute. 

3. Before takeoff, check the synchronization indicator 
to see if the system is synchronized. If the system is 
not synchronized prior to takeoff, use the "set" 
Switch to center the synchronization pointer. The 
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Switch may be used at any time to obtain synchroni- 
zation and will not produce a hard-over signal 
if used during automatic flight control system 


operation. 


Do not operate the "set" switch continuously 
for mote than 30 seconds to avoid overheating 
the slew motor. 


Directional Gyro Mode 


1. Allow approximately 12 minutes warmup time after 
power is applied to the essential buses. 

2. Select the desired hemisphere with the hemisphere 
selector screw. Check the “N” or “$” in the hem- 
isphere selector indicator window. 

3. Select the latitude in which the airplane will be 
operating with the latitude selector switch, 

4. After desired heading is established in magnetic 
mode, switch the function selector switch to DG. 
The system is then independent of the magnetic 
compass equipment and latitude correction, for 
apparent gyro drift is being given to the compass 
card. 

Note 
As the airplane passes through different lati- 
tudes in fight, the latitude selector switch 
should be rotated to the new latitude every two 
degrees of latitude change. 


ARMAMENT EQUIPMENT 


Note 
Rerer to the Confidential Supplement, T.O. 
1F-102A-1A, for armament information and for 
the following figures pertaining to armament: 


• Armament Control Panel— 
Figure 4-21. 


• Armament Selection Table— 
Figure 4-22. 


FIRE CONTROL SYSTEM 


All information concerning the fire control system is con- 
tained in the Confidential Supplement, T. O. 1F-102A-1, 
except the following: 


ELECTRONIC COOLING 


During normal flight conditions, the eletronics compart- 
ments are cooled by ram air, with the cockpit exhaust air 
aiding in cooling the forward, upper and intermediate 
electronics compartments, À pressure-and-temperature- 
controlled shutoff valve in the ram air duct maintains air 


С 


O 


Т.О. 1Ғ-102А-1 


pressure at approximately two inches Hg above ambient, 
and the shutoff valve will close if the temperature of the 
incoming ram air reaches approximately 160-165°F. 
‘When the ram ‘air valve closes due to high inlet tem- 
perature, cockpit exhaust air is automatically distributed 
through the ram air ducts for cooling of the forward, 
upper, and intermediate compartments. Ground cooling 
of the electronic compartments with the engine operating 
is provided by a reverse flow of air in the ram air distri- 
bution ducts. In the aft electronics compartment and IFF 
units, this reverse flow of air is started by the engine 
Compressor creating a partial vacuum in the engine 
intake ducts, which causes a reverse flow of air through 
the aft electronic compartment and IFF units. Air in the 
aft compartment comes from the main wheel well, and 
air in the tail section is drawn through the IFF units. 
Тһе vacuum in the intake ducts also causes a purge 
valve between the left engine inlet duct and the upper 
electronics compartment to open and draw air from 
the open nose wheel well through the upper and inter- 
mediate electronics compartments. A reverse air flow 
created by a jet pump is the only ground cooling means 
for the forward electronics compartments, and the jet 
pump also assists in cooling the intermediate and upper 
compartments. When the engine rpm is approximately 
72% or below, the jet pump valve opens and allows 
engine bleed air to flow forward and overboard through 
the left boundary-layer ram air duct. A partial vacuum 
is thus created in the ram air duct, which draws cooling 
outside air from the nose wheel well through the for- 
watd, intermediate, and upper electronics compartments. 
Opération of the jet pump is normally audible to the 
pilot. А pressure switch senses bleed air duct pressure and 
prevents the jet pump valve from opening when the 
duct pressure exceeds 30 to 35 psi. Structure overheat 
detection probes, near the jet pump nozzles, sense 
excessive fuselage skin temperatures and automatically 
close the jet pump valve when excessive temperatures 
exist. Malfunction of the jet pump system is indicated 
by an electronics cooling warning light on the warning 
light panel. During standby conditions with the engine 
not running, a fitting in the nose wheel well provides 
for connection of a ground cooling unit. 


Note 
Refer to ELECTRONICS COOLING, Section 
V, for cooling limitations. 


ELECTRONIC COOLING WARNING LIGHT 


An electronic cooling warning light is provided which 
will illuminate and display ELECTRONIC COOLING" 
(16 figure 1-26) to indicate a malfunction in the elec- 
tronic cooling system. Any time the light illuminates it 
indicates a malfunction, either in the electronic compart- 
тепе cooling as intended, or a malfunction in the elec- 
trical circuit of the warning light itself. Illumination of 
the light in flight could indicate the following cooling 
system malfunctions: 
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• Ап electrical malfunction. 


9 Ram air regulator is closed and ram air pressure 
downstream of the regulator above two inches Hg. 


Ф Ram air regulator open and ram air temperature 
above 160°F. 

ЕСІГІ pump valve open. 7) 

@ Structural overheat. 


Note 

Frequently a flashing or flickering light may 
be experienced; however, only a steady light 
is significant indication that proper electronic 

~ cooling is not provided, and the fire control 

system should be turned off. 
Some airplanes* have no provision for warning of elec- 
tronic compartment cooling system trouble while air- 
borne, and in these airplanes illumination of the electronic 
cooling warning light during flight could indicate only 
a malfunction in the warning light electrical circuit. This 
illumination would impose no restriction in the operation 
of the electronic components in these airplanes, For most 
airplanes** with the electronic cooling warning light 
modification, armament firing will have no effect upon 
the electronic cooling warning light operation. On some 
airplanest, however, it is normal for the electronic cool- 
ing warning light to illuminate briefly during armament 
firing, and if there is no malfunction in the system it will 
go out shortly after firing. During ground operations 
illumination of the electronic cooling warning light will 
indicate a malfunction on all airplanes** incorporating 
the electronic cooling warning light modification. There 
is one exception. With electrical power and the engine 
furnishing no rpm, it is normal for the electronic cooling 
warning light to illuminate. If there is no malfunction, 
the light should go out when external cooling or engine 
rpm is applied. With other airplanest, a check must be 
made to determine the true existence of a malfunction 
when the light appears. If the light illuminates when the 
throttle із above 72%, retard the throttle to below 72%; if 
the light remains on, there is malfunction in the electronic 
cooling system and the fire control system should be 
turned to WARM or OFF. If the light goes out, there 
is no malfunction and the throttle may be advanced to 
desired rpm. (Refer to ELECTRONIC COOLING, Sec- 
tion V, for limitations.) If the light illuminates after 
advancing the throttle during takeoff, disregard as it is 
normal and the light will go out when the landing 
gear is up. 

ФАР 53-1791, -1792, -1794 thru -1796, -1798, -1800 thru -1805 
53-1807 thru 54-1387, -1389, -1391 thru -1400, 54-1402 thru 
55-3372. 

ЗАЙ airplanes after compliance with TCTO 1F-102-713, 

TAF 53-1793, -1797, -1799, -1806, 54-1388, -1390, -1401, 55-973 
6 on, prior to compliance with TCTO 1Е-102-713. 

ЗАН airplanes not modified by ТСТО 1Е-102-713. 
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NORMAL OPERATION OF THE FIRE 
CONTROL SYSTEM 


Only basic operating procedures are given in this section. 
Data link procedures аге not included. For additional 
information on fire control system operation and tech- 
niques, refer to applicable technical order. 


Operating Procedure 


Note 


Referto ELECTRONICS COOLING, Section V, 
for cooling limitations which must be observed 
prior to operation of the fire control system. 


1, Armament safety switch — SAFE. 

2. Armament selector switch — SNAKE. 

3. Igniter control switch — TRAINING (safety- 
wired). 

4. Radar master switch — STBY. 


Note 
Check that the range trace and artificial horizon 
appear on the scope in approximately 30 sec- 
onds after curning master switch to STBY from 
OFF or when turning from WARM to STBY. 


5. Radar mode selector switch — As desired. 

6. Elevation scan control — As desired. 

7. Elevation vernier wheel — DETENT. 

8. Azimuth scan control — Ав desired. 

9. Antenna elevation scan button — As desired. 
10. Anti-clutter switch — OUT. 
11. ATOT switch — NORMAL (center) (some 

airplanes). 

12. Anti-jam switch — NORMAL (some airplanes). 


Auto-nine/missile anti-chaff switch — NORMAL 
(center) (other airplanes). 


13. Estimated range rate knob — 0 (some airplanes). 
14. Nose-tail switch — As required. 
15. Radar master switch — ON. 


‘When master switch is placed to ON (after delay 

period has elapsed), check that range trace widens 

to approximately Ув inch and that "grass" or noise 

appears on the scope to indicate that the set is 

transmitting. 

16. Search intensity — Adjust. 

After radar is determined to be transmitting, the 

search intensity should be adjusted as follows: 

a. IF Gain control knob — Counterclockwise to 
stop. 

b. Search intensity wheel — Adjust. until range 
trace is barely visible. 
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c. IF Gain control knob — Clockwise to optimum 
position. 
17. Attack intensity wheel — As desired. 


Adjust attack intensity by adjusting brightness of 
artificial horizon display. 


Automatic Search Operation 


1. Azimuth scan knob—As desired. 

Тһе azimuth scan knob should be set at B if azi- 
muth of target is unknown. If azimuth is known, 
use scan knob to obtain best target return. 

2. Elevation scan knob—As desired. 

Elevation scan knob should be set to scan desired 
vertical area, 

5. Radar mode selector switch — As desired. 

4. Anti-clutter switch — Аз desired. 

5. Anti-jam switch — As desired (some airplanes). 
Auto-tune/missile anti-chaff switch — As desired 
other airplanes). 

If jamming is detected, select AUTO-TUNE po- 
sition to obtain radar frequency clear of jamming. 

6. Data link GCI station channel selector switch — 
Assigned channel. 


7. Data link airplane channel selector switch — 
Assigned channel. 


Manual Search and Lock-On 
Lock-on is obtained after the target is within 
range by using the following procedure: 
1. Action trigger—Depress. 
Squeeze the action trigger to gain manual control 
of the antenna after azimuth and elevation posi- 
tion of the target is noted. 
2. Target—Spotlighted. 
By means of lateral movement of the left control 
grip and adjustment of the antenna elevation 
wheel, obtain best possible target return. 
3. Range gate marker—Coincide with target. 
When the range gate marker and the target coin- 
cide, the attack display should appear showing 
lock-on has been obtained. 
4. Action trigger — Released. 
After lock-on is obtained, release the action trig- 
ger апа hand control. 


Automatic Track; Snake Mode Operation 
1. Armament safety switch — SAFE. 
2. Armament selector switch — SNAKE. 


3. Igniter control switch —TRAINING 
(safety-wired). 
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4. Steering dot — Centered. 


After lock-on, a pursuit course is flown by center- 
ing the steering dot in the reference circle. To 
perform an identification pass, steer with the dot 
centered and maintain the desired rate of closure. 
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7. Estimate target range after range circle starts to 
shrink. 

The range circle will start to shring at 25,000- 

yard range. Depending on speed and altitude 

of the airplane, missile launch range will be 


Тһе first indication of a possible collision course 
is evidenced by range circles failing to shrink at 
the proper time. The pullout maneuver should 
be executed if a collision course is suspected. 
Тһе pullout signal will appear when the air- 
plane is 200 feet below and to the right and 
200 yards astern of the target. 


When it is desired to fly a formation course on a leading 
airplane, maintain the range circle at a constant diam- 
eter, keep the rate of closure gap in the range circle at 
zero, and maintain a constant position steering dot. 


Automatic Track; Missile Firing 


1. Armament selector switch — MISSILE selection as 
desired. 


approximately 34 to 112 miles. 


е If the range circle fails to shrink at proper rate 
or time with normal rate of closure or if range 
trace fails to move to the center of scope, a 
collision course may be indicated and the pullout 
maneuver should be executed. 


€ If armament firing is initiated during transient 
negative pitch maneuvers (not including steady- 
state negative g maneuvers), it is possible to 
strike the airplane nose section with the missiles. 
Therefore, missiles should not be fired during 
or immediately following rapid application of 
nose down elevator or sudden release of nose up 
elevator. 


2. Armament safety switch — ARMED. 


Note 


Normally the desired armament is selected prior 


8. Continue to fly course until fire signal (X) appears 
on scope. 
The fire signal (X) appears at time of missile 
launch and disappears from the scope in three 
seconds. When the signal disappears, the pullout 


to the attack phase during automatic search 
operation but should be rechecked after lock-on. 


3. Igniter control switch —TACTICAL. 
4. Lock-on. 
5. Steering dot — Centered. 
Fly lead collision course by centering the steering 
dot within the reference circle. 
б. Armament trigger —Depress to SECOND 
DETENT after reference circle collapses to М inch. 


lt will be necessary to depress the armament 
trigger for firing unless an automatic attack is 


maneuver should be executed. 


Note 


During pullout, do not exceed the limits of 
radar lock-on or do not intentionally break 
lock before missile impact. The radar maintains 
lock-on after the pullout signal appears, to pro- 
vide return radiated energy for the radar missile 
guidance system, If lock-on is broken, no 
energy will be provided to guide the missile, 
resulting in a probable miss and a free missile. 


accomplished. 


9. Auto-search button — Depress after missile impact. 
After missile impact, depress the auto-search 
button to restore automatic searching. 


Avtomatic Track; Rocket Firing 
1. Armament selector switch — ROCKET or RAD. 


‘When using AFCS to accomplish automatic 
attack, armament firing is automatic and use of 
the armament trigger is not required. If the 
wrong target was selected, or if for any reason 
it is desired to abort the attack run, depress 
manual mode trigger or auto-search button and 
place the armament safety switch to SAFE to 
prevent automatic firing. 


2. Armament safety switch — ARMED. 
3. Igniter control switch — TACTICAL. 


Note 


Normally the desired armament is selected prior 
to the attack phase during automatic search 
operation but should be rechecked after lock-on. 
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4. Lock-on. 


5. Steering dot — Centered. 
Fly lead collision course by centering the steering 
dot within the reference circle. 

6. Armament trigger — Depressed to SECOND 

DETENT and reference circle collapses to М inch. 

On some airplanes it will be necessary to depress 
the armament trigger for firing unless an auto- 
matic attack is accomplished. 


When using AFCS, armament firing is ашо- 
matic and use of the armament trigger is not 
required, If the wrong target was selected, or 
if for any reason it is desired to abort the attack 
run, depress the momentary interrupt trigger 
or auto-search button and place the armament 
safety switch го SAFE to prevent automatic 
firing. 


7. Estimate target range after range circle starts to 
shrink, 


Тһе range circle will start to shrink at 5000-yard 


range. 


е If the range circle fails to shrink at proper rate 
ot time with normal rate of closure, or if range 
trace fails to move to the center of scope, a 
collision course may be indicated and the pullout 
maneuver should be executed. 


© If armament firing is initiated during transient 
negative pitch maneuvers (not including steady- 
state negative g maneuvers), it is possible to 
strike the airplane nose section with the rockets. 
Therefore, rockets should not be fited during or 
immediately following rapid application of nose 
down elevator or sudden release of nose up 
elevator. 


8. Continue to fly course until fire signal (X) appears 
on scope, ' 


When firing rockets, the pullout maneuver should 
be executed as soon as the signal appears. 


During rocket firing attacks, the rocket travel 
is considerably less than for a missile on mis- 
sile runs and less horizontal clearance is pro- 
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vided. Pullout maneuvers should be planned in 
advance and correctly executed to avoid pos- 
sible collision. 


9. Auto-search button — Depress after pullout. 


After pullout, depress the auto-search button to 
restore automatic radar search. 


AFCS Automatic Attack 


Ап attack run using either missiles or tockets may be 
performed automatically by using AFCS. To make an 
AFCS attack, the AFCS should be operating in pilot 
assist mode and armament selected prior to lock-on. After 
lock-on, AFCS "fades" into complete control of the air- 
plane in У to 4% seconds. 


Note 
During AFCS attacks, steering signals are pro- 
vided from the fire control system, System noise, 
if present, will be reflected in AFCS steering 
performance. 


Snap-Up Attack 


А snap-up attack can be performed by using manual 
steering (without AFCS) and normal missile procedures. 
This attack is a lead collision attack except that the 
target can be as much as 15,000 feet above the airplane. 
Steering is accomplished by ignoring the elevation steer- 
ing error until the reference circle collapses. At this time, 
as rapidly and smoothly as possible, the nose of the air- 
plane should be pulled up to center the steering dot in 
elevation. At the time of snap-up, the dot should be 
centered in azimuth. The armament trigger should be 
squeezed when the reference circle collapses. After the 
climb attitude is established and the steering dot centered, 
the missiles are launched by a signal from the computer 
or clock timer and continue to climb for impact with the 
target. For a typical snap-up attack, see figure 4-18. 


Ground Map Operation 


Іп MAP mode, single bar scan of an area 200 nautical 
miles forward of the airplane is provided. However, 
close-in ground mapping can be obtained in other search 
modes if the airplane is low enough. With the fire control 
system operating in automatic search, proceed as follows 
for ground map operation: 


1. Radar mode selector switch — MAP. 
2. Azimuth scan knob — As desired. 


3. Elevation scan switch — DN to provide desired range 
Coverage. 


4. IF gain control knob— As required. 


Adjust the IF gain control knob for optimum 
setting. 
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Figure 4-18 


5. To expand display, position strobe then move AAI 
beacon expand switch to BCN EXP. 
То expand display, position strobe at the lower 
limit of the desired 20 mile sector by use of the 
hand control; then hold the AAI beacon expand 
switch to BCN EXP. 


Q 


Beacon Operation 
With the fire control system operating in automatic 
search, use the following procedure for beacon operation. 
1. Radar mode selector switch — BCN. 
2. Azimuth control knob — As desired. 


3. Elevation control knob — DN to provide desired 
range coverage. 


4. IF Gain control knob — Аз required. 
Adjust the IF gain control knob for maximum 
legibility. 
5. To expand display, position strobe then move AAI 
beacon expand switch to BCN EXP. 


To expand display, position strobe at the lower 
limit of the station return by use of the hand 
control; then hold the AAI beacon expand switch 
to BCN EXP го read the station identification. 


Prior to Acrobatics or Landing 


1. Radar master switch—STBY. 


For acrobatics, landing pattern, and taxiing after 
landing, the master switch should be in STBY. 
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2. Armament safety switch —SAFE. 
3. Armament selector switch -ЗМАКЕ. 


Normal Shutdown (After Parking) 


1. Search and attack intensity controls—Fully counter- 


clockwise. 


To prevent damage to the radar scope face, the 
search and attack intensity controls should be 
turned fully down prior to placing the radar 
master switch OFF. 


2. Radar master switch — OFF. 


ABBREVIATED CHECK LIST 


Refer to Т.О. 1F-102A-(CL)1-1 for Abbteviated Check 
List of the above procedure. 


EMERGENCY OPERATION OF FIRE 
CONTROL SYSTEM 


Misfire Warning Light Illuminated 


If the misfire warning light illuminates, it is an indica- 
tion that the intervalometer has produced an ignitor 
signal and a missile has not been launched (the 
doors remain open and the selected launchers remain 
extended). If this condition occurs, (һе following pro- 
cedure should be foliowed: 


1, Auto-search button — Depress to break “lock-on.” 

2. Armament safety switch — SAFE. 

3. Armament selector switch — SNAKE. 

4. Normally, launchers remain extended if a misfire 
occurs, If a flight condition exists wherein a clean 
airplane configuration is necessary, launchers may 


be retracted after five minutes. In an emergency, the 
launchers may be retracted after 30 seconds. 


Incomplete Armament Cycle 


If the launchers remain extended or the armament 
bay doors do not close for any reason other than a mis- 
fire as described above, the misfire warning light will 
not illuminate. Use the following procedure in attempt- 
ing to close doors: 
1. Depress auto-search button to break lock-on and 
wait 15 seconds. 


2. Armament selector switch to opposite intervalome- 
ter and hold for five seconds (if missiles previously 
selected, select rockets or vice versa). 


3. Armament safety switch — ARMED (hold for five 
seconds). 
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4. Igniter control switch - ТАСТІСАЇТ.. 
5. Armament safety switch — SAFE. 


6. Armament selector switch — SNAKE. 


If this procedure does not result in closing the 
armament doors, land with doors open. Refer to 
LANDING WITH ARMAMENT DOORS 
OPEN, Section III. 


The armament trigger should not be depressed 
at any time during this procedure to preclude 
the possibility of armament firing. 


Intervalometer Reset 


Failure to properly reset the intervalometer at time of 
armament. loading could result in failure of the arma- 
ment bay doors to open or launching racks to extend, 
causing an aborted attack. This condition would follow 
à completed radar attack during which the pullout sig- 
nal was received but the missiles or rockets did not fixe. 
Thé following procedure should be followed to reset the 
intervalometer prior to subsequent radar attacks. 


The armament trigger should not be depressed 
at any time during this procedure to preclude 
the possibility of accidental armament firing. 


1. Armament safety switch — SAFE. 


2. Armament selector switch – ROCKET TRIGGER 
SALVO (if on last attack rockets were selected) or 
MISSILE TRIGGER SALVO (if on last attack 
missiles were selected). Hold. for five seconds. 


3. Armament safety switch ARMED (hold two 
seconds). 


4. Armament safety switch — SAFE. 
5. Armament selector switch — SNAKE. 
6. Proceed with next attack. 


ABBREVIATED CHECK LIST 


Refer to Т.О. 1F-102A-(CL)1-1 for Abbreviated Check 
List of the above procedures. 


COMPUTING OPTICAL SIGHT 


Тһе windshield mounted optical sight* (figure 4-19) is 
used for firing missiles from a pure pursuit course or 
rockets from a lead pursuit course, The optical sight 
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is generally utilized when radar operation is unsuccessful 
because of heavy ground return or enemy jamming. The 
sight head consists of controls for operation and a retract- 
able reflector glass which may be lowered into position 
when desired. When the intended target has been identi- 
fied as to type (heavy or medium bomber) the desired 
target reticle may be selected. Depressing armament 
trigger to the first detent position will cause a reticle to 
appear on the reflector glass with a missile selection. 
The reticle consists of a center dot and two concentric 
circles and corresponds in size to the type of target 
selected. The inner circle is used for missile-firing attacks 
and the outer circle for rocket-firing attacks. In making 
а rocket-firing attack, an optical selection оп the arma- 
ment control panel will cause the radar antenna to be 
taken out of automatic search and cause the reticle to 
appear on the reflector glass. After tracking the target 
for a few seconds with the antenna caged by means of 
à switch on the control stick yoke, angular rate voltages 
build up to establish the amount of lead angle required. 
The antenna is then uncaged and the computor output 
then causes the antenna and the reticle position (which 
is slaved to the antenna) to be precessed to the correct 
lead angle. Tracking the target with the reticle will 
then fly the interceptor on a lead pursuit course. During 
missile firing with the optical sight, depressing the arma- 
ment trigger to the first position causes the reticle to 
appear, and will cause the antenna to be fixed along the 
radar boresight line and remain there. Throughout the 
missile attack no lead or deflection angle is supplied and 
the sight operates as a fixed sight. 


Note 
ln addition to the optical sight control dis- 
cussed below refer also to ARMAMENT TRIG- 
GER, RADAR MASTER SWITCH, and ARM- 
AMENT SELECTOR SWITCH, this Section. 


Brightness Selector Knob 


Тһе brightness selector knob (figure 4-19) on the face 
of the optical sight, is used to select the desired bright- 
ness of the reticle image. Turning the knob clockwise 
increases the brightness of the reticle. Turning the knob 
fully counterclockwise will remove the reticle. 


Target Selector Knob 


Тһе target selector knob (figure 4-19) is located on the 
face of the optical sight and is placarded "Target Selec- 


tor." This knob has four positions of which two are 
operable. The selection of either of the placarded posi- 
tions, HVY or MED, provides for display of the cor- 
rect size reticle on the reflector glass. Selection of HVY 
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displays a reticle which is compatible to operation against 
a heavy bomber. Selection of MED displays the correct 
sized reticle for attacking a medium bomber. 


When making passes on airplanes smaller than 
the target selector setting, closing range will be 
closer than normal. 


In addition to providing reticle size, selection of the 
desired target also introduces a fixed range voltage and 
an airplane-target overtake speed voltage to the com- 
puter subsystem for rocket-fiting attacks, and an overtake 
speed voltage to the missile auxiliaries subsystem during 
missile-firing attacks, The target selector knob is powered 
by the 28-volt dc nonessential bus. 


Filament Selector Switch 


The filament selector switch (figure 4-19) is a two- 
position toggle switch located on the lower portion of 
the sight head. Selection of FIL 1 or FIL 2 position selects 
one element of the dual filament bulb. 


Optical Sight Cage Switch 


The optical sight cage switch (figure 1-20) is a toggle 
switch located on the platform extending forward from 
the control stick yoke. It is placarded "Sight" and has 
positions CAGE and UNCAGE. This switch operates only 
during optical rocket attacks. Іп CAGE position, the 
switch provides for caging the radar antenna along the 
antenna reference line. When the switch is in UNCAGE 
and the reticle is maintained on the target, gyros on 
the antenna sense the rate of change of the line-of-sight, 
and provides a signal to the computer to determine lead 
angle. The optical sight cage switch is powered by the 
28-volt dc nonessential bus. 


Normal Operation of Computing Optical Sight 
MISSILE FIRING — OPTICAL 
1. Radar master switch — STBY or ON, Delay period 
elapsed. 


2. Armament selector switch — MISSILE selection as 
desired (RAD, ALL, or OPT). 

This system is primarily for use with the optical 
missile ог for obtaining launch range information 
for radar missiles in ATOT pursuit attacks. If 
only optical tracking is available and a RAD or 
ALL selection is made, the radar missiles will 
fire without guidance. 

3. Armament safety switch — ARMED. 

4. Igniter control switch — TACTICAL. 


5. Target selector knob — HVY or MED. 
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6. Armament trigger— Held depressed to. FIRST 
DETENT — reticle appears. 


А minimum of 16 seconds is required for missile 
preparation prior to firing. 


Note 

То avoid potentially disabling strain on missile 
components, do not exceed a two-minute total 
warmup time. If it appears that the closing por- 
tion of the attack will require more than two 
minutes, let the 13-second hold period expire 
by releasing the armament trigger until closing 
time has been reduced. The 16-second prepara- 
tion time must then be re-accomplished. 


7. Brightness knob — As desired. 
8. Track target with reticle. 


9. When wings of target fill small reticle, armament 
trigger—Second detent. 


When making an attack on airplanes smaller 
than the target selector setting, firing range 
will be closer than normal. 


ROCKET FIRING — OPTICAL 
1. Radar master switch — STBY or ON, delay period 
elapsed. 


2. Armament selector switch -ROCKETS— ОРТ. 
Reticle appears. 


Armament safety switch — ARMED. 

. Igniter control switch — TACTICAL. 
"Target selector knob — HVY or MED. 
. Brightness knob — As desired. 

. Optical sight cage switch — CAGE, 


ж м ем > ~» 


‚ Track target with reticle. 
Track the target with reticle, establishing and 
holding a smooth turning rate for four to six 
seconds minimum. 

9. Optical sight cage switch — UNCAGE. 

10. Track target with reticle. 


11. When wings of target fill large reticle, armament 
trigger — Depress to second detent. 


When making an attack on airplanes smaller 
than the target selector setting, firing range will 
be closer than normal. 
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ABBREVIATED CHECK LIST 


Refer to T.O. 1F-102A-(CL)1-1 for abbreviated check list 
of the above procedures. 


MISCELLANEOUS EQUIPMENT 
РПОТ/5 MASK DEFOG RHEOSTAT 


The pilot's mask defog rheostat (figure 4-20) is located 
near the aft end of the left console. The control knob is 
placarded "Mask Defog." The word INCREASE and an 
arrow indicate that more heat is available to the mask 
when the knob is turned in a clockwise direction. On later 
airplanes," to accommodate use of the MA-2 pressure 
helmet, the rheostat has been removed and a step-switch 
installed. The control knob and its function remains the 
same on these airplanes. The system is powered by the 
28-volt dc essential bus. 


Use the minimum amount of heat necessary to 
prevent or remove any accumulation of mois- 
ture on the faceplate. It is not necessary that 
heat be felt on the face. The faceplate heat rhe- 
ostat should be at maximum heat just long 
enough to remove moisture and then returned 
to the minimum heat required to prevent mois- 
ture accumulation. 


ANTI-G SUIT PROVISIONS 


Low-pressure pneumatic system air, cooled by the cockpit 
air conditioning system, is used to pressurize the pilot's 
anti-g suit. Duct pressure is reduced to anti-g suit pres- 
sure by a type M-8 regulator in the left-hand console. The 
regulator maintains pressures of between 9 and 11 psi in 
the suit at high g loads. А valve in the regulator assembly 
automatically pressurizes the suit at g loads greater than 
1% to 2 g's. On some airplanes а manual control enables 
the pilot to control suit pressures within the pressure 
range of the regulator output. On other airplanes, уагу- 
ing pressures within the pressure range of the regulator 
are furnished automatically. The regulator also incorpo- 
rates a manual control button. When the button is 
depressed, unregulated low-pressure pneumatic system air 
pressurizes the anti-g suit, When the button is released, 
the suit is depressurized. This feature of the regulator 
may be used by the pilot during extended flights to pre- 
vent fatigue by creating a massaging effect on the body. 
Operation of the manual button does not test the auto- 
matic feature of the regulator. 


Anti-G Suit Control Knob 


А large round knob (figure 4-20) on the left console, aft 
of the pilot's mask defog rheostat, is placarded "Anti-g 
Suit" and has arrows pointing to LO and HI positions. 
On some airplanes turning the knob clockwise increases 
g suit pressure, 


*AF 57-770 & on, © airplanes modified by ТСТО 1F-102A-570. 
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Figure 4-20 


SPARE LAMPS 


Spare lamps are stowed in holders at the aft end of the 
left console. The holder is placarded "Spare Lamps." 


CHECK LIST 


A check list (figure 1-3) is printed on a hinged sheit 
which folds out of the way when not in use. This shelf is 
located on the right side of the cockpit, just under the 
canopy sill. The check list can be illuminated at night by 
three lights on the shelf, controlled by the console light 
switch. The lights receive power from the 115-volt ac 
essential bus. 
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FLIGHT REPORT, MAP AND DATA CASE 


А combination flight report holder and map and dara 
case is located inboard of the spare lamp holder, at the 
aft end of the left console. 


4-42 


SHOULDER HARNESS STOWAGE STRAP 


Some airplanes are equipped with strap assemblies on the 
left and right-hand sides of the cockpit sill, providing a 
means of stowing pilot's shoulder harness. 
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Note 
This section includes airplane and engine limi- 
tations which must be observed during normal 
operation. The high performance of this air- 
plane demands that these limitations be closely 
adhered to. 


ENGINE LIMITATIONS 


Normal engine limitations are shown in figure 5-1. Addi- 
tional information concerning operating limitations is 
given in figure 5-2 for starting, acceleration, idle, maxi- 
mum continuous, military, and maximum thrust. On some 
airplanes,* these limitations are listed on a placard 
located on the left-hand side panel above the compass and 
altimeter correction cards. Maximum thrust is the thrust 
obtained by placing the throttle fully forward and out- 
board for afterburner operation. Military thrust is the 
thrust obtained by placing the throttle fully forward and 
inboard (nonafterburning). 


Airplanes modified by ТСТО 1F-102-707. 


е During operation above 40,000 feet the engine 
may develop a rough operating condition, or 
compressor stall if the throttle is moved rapidly 
or rpm is reduced below 85%. Subsequent move- 
ment of the throttle may not eliminate this con- 
dition. The probability of a flameout also exists. 


9 In order to maintain engine ЕСТ within the 
desired limits, all training flights should be lim- 
ited to 45,000 feet as far as practical. When 
required to maneuver above 45,000 feet, climb 
must be accomplished at a minimum indicated 
Mach of 493. 


е Under standard day conditions, the limit ЕСТ 
will coincide with the ultimate ceiling of the 
airplane. 


е When climbing above 40,000 feet, monitor ЕСТ 
continuously. Апу time the ЕСТ is observed to 
be at or approaching limits, the throttle must 
be retarded or the indicated Mach number 
increased. 


ENGINE OVERSPEED 


The maximum permissible engine speed is 102% rpm. 
Any engine speed in excess of 102% should be noted on 
Form 781. If the engine speed exceeds 102% rpm, it must 
be inspected for damage. Speeds in excess of 104% rpm 
necessitate engine overhaul. 
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TACHOMETER 


EXHAUST TEMPERATURE 
157-23 ENGINE 


1556-957 AND ON | 


EXHAUST TEMPERATURE 
157-23 ENGINE 


М 53-1791 THRU 55-3464 


T.O. 1Е-102А-1 


FUEL GRADE JP-4 


) 470°C TO 610°C CONTINUOUS OPERATION. 


i 
WEN 57020 MAXIMUM DURING FLIGHT (EXCEPT ENGINE ; 
ACCELERATION.) М 


ИШЕН 680°C MAXIMUM DURING ENGINE ACCELERATION. 
(2 MINUTE GROUND OPERATION) 
(2 MINUTES FLIGHT OPERATION) 


| REFER TO FIGURE 5-2 FOR ADDITIONAL INFORMATION. ын 


P" 


— а а eee — ————— 1 У 


470°C TO 610°C CONTINUOUS OPERATION. š H 
ШШШ 6702; MAXIMUM DURING FLIGHT (EXCEPT ENGINE ; ^ 
- ACCELERATION.) 


ИШЕН 680°C MAXIMUM DURING ENGINE ACCELERATION. 
(2 MINUTE GROUND OPERATION) а 
(2 MINUTES FLIGHT OPERATION) 


à 
REFER TO FIGURE 5-2 FOR ADDITIONAL INFORMATION, ` 


WIR NRI AMNES 4, 


ШИНИ 1000 PSI MINIMUM OPERATING PRESSURE — e 


HYDRAULIC PRESSURE | 2500 PSI TO 3050 PSI CONTINUOUS OPERATION 


ШЕШ 3050 PSI MAXIMUM OPERATING PRESSURE ў 


90% TO 98% CONTINUOUS OPERATION, 
| ШЕШ 1025, MAXIMUM PERMISSIBLE RPM. К: 


240 KNOTS 1А5 MAXIMUM GEAR DOWN 


Figure 5-1 
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MAXIMUM OBSERVED 
EXHAUST GAS TEMP. (C) 


457-23 
54. TO 
30,000 FT. 
MAXIMUM 


(EXCEPT ENGINE 
ACCELERATION) 


MILITARY 


MAXIMUM 
CONTINUOUS 


ШЕ 


OPERATING CONDITIONS 


STARTING 


— gre. -— x - 
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TIME LIMITS 


э 


GROUND 
OPERATION 


FLIGHT 
OPERATION 


15 MINUTES 


30 MINUTES 


CONTINUOUS 


N 2 MINUTES- `, 2 MINUTES 
s - 


А REFER TO “COOLING LIMITATIONS" ТЕХГАТНІЄ SECTION 


Figure 5-2 


COOLING LIMITATIONS (GROUND OPERATIONS) 


If the afterburner is not operated, the engine can be run 
the еп, 
Tor a total of five minutes at power а above approximately 


—Elfe-rpir- То addition, the engine can be ran For one min- 


ute at атро птн сату plus “Не гіпа) TF 


these ground operating limits are closely approached, 1 five — 
"minutes-operation at idle-thrust~is required to allow” for 
engine cooling before a-schedule which will-ap proach the 
limits can be repeated. | I£ the engine his been оре 


e rpm for a ної of five min- 

eratures. Immediately prior 

0% rpm for 30 sec- 

onds to scavenge the oil system. Make entry on Form 781 

if temperature limits are exceeded and state the time апа 
temperature peaks. 


Sperate e engine at 1 
utes to sta i 


AFTERBURNER LIMITATION 


Do not attempt to start afterburner below 83% of mili- 
tary thrust, 


EMERGENCY FUEL 

Aviation gasoline (Mil-G-5572) ог JP-5 (Mil-J-5624) 
may be used as an emergency fuel. Aviation gasoline, 
when used, should be the lowest available grade and the 
temperature of the fuel in the tanks at take-off must not 


_ be greater than 70°F. 


When aviation gasoline is used it must be 
diluted 2.5% by volume with oil, Specification 
Mil-O-6082, grade 1100, and flight restricted 
to altitudes below 35,000 feet JP-5 fuel freezes 
at minus 55°F; therefore when using this fuel, 
flight must be restricted to altitudes where 
temperatures below this point will not be 
encountered. 


ENGINE OIL 


The maximum allowable engine oil consumption is four , 
pints per hour. 
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AIRSPEED LIMITATIONS 


MAXIMUM ALLOWABLE AIRSPEEDS 

Some airplanes” are limited to 655 KIAS or Mach 1.25, 
whichever occurs first, due to inlet duct vibration at high 
indicated airspeeds. Other airplanes**, except АЕ 53- 
1813, are cleared of this structural deficiency and may be 
flown at design limit speed of 655 KIAS or Mach 1.5, 
whichever occurs first. AF 53-1813 is limited to 600 
knots or Mach 1.25, whichever occurs first, due to а поп- 
production vertical fin. 


LANDING GEAR EXTENSION SPEED 


The maximum allowable airspeed with. landing gear 
extended is marked by a yellow radial on the airspeed 
indicator. The airplanes are limited to 240 KIAS with 
the landing gear extended. mec 


DRAG CHUTE DEPLOYMENT SPEED 


The maximum allowable airspeed at which (Бе drag 
chute may be deployed is 160 KIAS. If the drag chute is 
deployed at speeds above this limit it will be automati- 
cally released from the airplane. 


То prevent loss of the drag chute or to prevent 
slowing the airplane to excessively slow speeds, 
the drag chute must not be deployed in flight. 


RAT LIMIT SPEED 


The maximum allowable airspeed at which the RAT can 
be extended or operated is 345 KIAS. Extension of the 
RAT at speeds above 345 KIAS is likely to cause over- 
speed or structural damage. Satisfactory emergency 
hydraulic pressure will not be maintained at airspeeds 
below 125 KIAS. 


OTHER OPERATIONAL LIMITATIONS 


AUTOMATIC FLIGHT CONTROL SYSTEM (AFCS) 


Operation of all modes of AFCS is temporarily prohibited 
below 12,000 feet at speeds above 480 KIAS on some 
airplanes. Operation of the attack mode of AFCS is 
prohibited when external tanks containing fuel are 
installed. 


*AF 53-1791, -1792, -1795 thru -1803, -1805 thru -1812, -1814 


thru «1818, 54-1371 thru -1387, 1389, -1391 thru -1397, -1399, 
-1400, 55-3357 thru -3373, unless modified by TCTO 1Е-1024- 
524. 

жо ДЕ 53-1793, -1794, -1804, 54-1388, -1390, -1398, -1401, 55-3374 
© оп б airplanes modified by ТСТО 1Ғ-102.4-524. 


180% limit (refer to PROHIBITED MANEUVERS, this 
Section). 
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ELECTRONICS COOLING 


Ground Operation 

During engine runup, thé jet pump will cut out at 
approximately 7296 rpm. Without jet pump cooling, 
radar equipment will begin to suffer damage within one 
minute. On the ground, operátion of the radar with radar 
master switch in STBY or ON is prohibited, with engine 
rpm above 72%, except during takeoff. With engine rpm 
below 72%, operation of the radar in STBY or ON, is 
limited to seven minutes. When the radar is required as 
soon as the airplane is airborne, the following procedures 
should be followed: 


1. If airplane is taxied. with radar master switch in 
WARM, place master switch to ON and wait 30 
seconds before advancing throttle for takeoff. 


2. If airplane is taxied with radar master switch in 
STBY or ON (engine rpm below 72%) takeoff 
Should be made within seven minutes of the radar 
master switch turned to WARM. 


Inflight Operation 


During hot day conditions (100°F or warmer at sea 
level), flight ас either military power or loiter (maximum 
endurance) throttle settings below 5000 feet are restricted 
to seven minutes with the MG-10A radar master switch 
in ON or STANDBY positions. If flight at these throttle 
settings exceeds seven. minutes, the radar master switch 
must be in OFF or WARM positions to prevent excessive 
heat from damaging electronics equipment. 


Note 

ө The radar master switch must be in the WARM 
or ОЕЕ position during flight below 10,000 feet 
ас maximum speed during hot weather opera- 
tion to prevent damage to electronic equipment 
from overheating. 

е Tf the radar master switch is placed in WARM 
position, the pilot assist and automatic func- 
tions of AFCS will be rendered inoperative. 


EXTERNAL TANKS 


External Tank Rubbing Strips 


Installation of external tanks is prohibited until satisfac- 
tory rubbing strips aré installed on the main landing gear 
fairing doors and the external tanks to prevent damage 
to the door and tank from contact with each other. 


External Tank Fuel Transfer Switch 


The external tank füel transfer switch must remain in 
the OFF position until internal fuel quantity indicates 
5500 pounds or less to maintain cg within limits, On ай- 
planes not equipped With an external tank fuel transfer 
switch it will be necessary, prior to flight with full exter- 
nal tanks, to check center of gravity in accordance with 


C 


C 
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“TEMPORARY 


МАХ ALLOWABLE 5.56 
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operating flight limit 


Је 8 


- 


NORMAL LOAD FACTOR—G 


6,000 FT - MACH 1.5 
= 


WITH EXTERNAL TANKS EMPTY 


m НОВИ. 


50,000 FT- MACH .95 
40,000 FT- MACH .95 


4 


NORMAL LOAD FACTOR—G 


+ 
INDICATED AIR SPEED 
І 


за DEIN 
е RIGHT CAPABILITY FOR VARIOUS ALTITUDES INDICATED ВУ. DOTTED UNE. 


~ 21937 REFER TO ТЕХТ FOR MAXIMUM ALLOWASLE AIRSPEEDS AND LOAD-FACTORS. 


Figure 5-3 
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manual of weight and balance data, T.O. 1-1B-40, and 
either ballast the airplane or off-load fuel if it is found 
that the aft center of gravity is beyond the permissible 
limit. 


External Tank Jettison Warning Lights and 
Safety Pin 


On airplanes not equipped with external tank jettison 
warning lights and safety pin, inadvertent tank ejection 
is possible. Extreme caution will be required any time the 
cockpit is occupied during maintenance or ground han- 
dling. Until incorporation of the jettison warning lights 
and safety pin, which will prevent inadvertent tank ejec- 
tion, tanks should be installed immediately prior to take- 
off and removed immediately after the airplane is parked 
and the engine 15 shut down. 


Maneuvering Limitations 


With external tanks installed and containing fuel, maxi- 
mum aileron deflection is limited to approximately У 
aileron (39) above 270 KIAS: Refer to ACCELERA- 
TION LIMITATIONS, this Section, for symmetrical and 
asymmetrical (rolling) maneuvering limitations with 
external tanks installed. 


Airspeed Limitation 


Maximum allowable airspeed with external canks (empty 
or containing fuel) is 450 KCAS or Mach .95, whichever 
occurs first. External tanks may be jettisoned at any speed 
within the operating speed range. 


ARMAMENT EQUIPMENT 


The following limitations must be observed when oper- 
ating armament equipment: 


1. Firing of the armament is prohibited ас any time 
external tanks are installed, 


Armament Gear Limitations 


With missile bay doors open, avoid excessive roll and 
rudder induced maneuvers, Refer to ACCELERATION 
LIMITATIONS, this Section, for symmetrical and asym- 
metrical (rolling) maneuvering limitations with missile 
bay doors open. 


Rocket Firing 


Rocket firing from some airplanes* equipped with 2.75- 
inch rockets is prohibited until installation of a satisfac- 
tory debris deflector on each blast pan in the armament 


SAF 53-1791, -1792, -1794 биш -1796, -1798 thru -1805, -1807 
thru -1818, 54-1371 thru -1389, -1391 thru -1400, -1402 thru 
-1407, 55-3357 thru -3464, 56-957 thru -1136 unless modified бу 
TCTO IF-102-609. 
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door, Possible damage which could be incurred when 
firing without a debris deflector is: 


@ Damage to the missile or missile radome. 
Ф Dents ог holes in the missile bay beams. 


ө Damaged electrical wiring, pneumatic lines, or 
hydraulic lines. 


It is also possible for debris from a forward 
2.75-inch rocket to prevent the aft rocket from 
leaving the tube, resulting in destruction of the 
armament bay door when aft rocket is ignited. 
For practice rocket firing missions, ensure that 
only the forward 2.75-inch rockets are loaded. 


Note 


Refer to the Confidential Supplement, T.O. 
1Е-102А-ТА, for figure 5-3, Missile Firing Limi- 
tations. 


TIRE LIMITATIONS 
The maximum allowable tire ground speeds are: 
1. With 18 ply rubber tread tires — 174 knots. 


2. With 20 ply rubber tread tires — 195 knots (195 
knots printed on the side wall). 


3. With 20 ply fabric tread tires— 217 knots (217 
knots printed on the side wall). 


Note 


Refer to the Appendix for takeoff tire ground 
limit speeds. 


ELEVATOR FEEL-FORCE REGULATION 
(SHELLY INTELLIGENCE UNIT) 


If the pin on elevator feel-force intelligence unit is found 
to be extended or retracted (not flush with case of the 
unit) +0.06 inch (approximately 1/16 inch) during 
exterior inspection, the airplane should not be flown in 
excess of Mach .90. 


Shaft retraction directs unregulated ram ait into 
the elevator feel-force cylinder. The increased 
pressure in the cylinder produces higher stick 
forces, but the airplane remains controllable at 
restricted speeds. If inspection shaft extends 
from hole more than 0.06 inch, the regulator 
must be replaced. 
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SPEED BRAKES 
Speed brakes operation is temporarily restricted, on some 
airplanes? as follows: 
1. Flight with speed brakes open is prohibited at speeds 
above 300 KIAS. 
2. Speed brakes should not be used during abrupt 
maneuvers below 300 KIAS. 


3. Use of speed brakes should be avoided while flying 
in close proximity of other aircraft. 


CANOPY 

When taxiing airplanes equipped with a canopy hold 
button, do not exceed 60 knots ground speed or 90 KIAS, 
whichever is less. On airplanes without a canopy hold 
button, the canopy hold-open rod must be used and taxi 
speed limited to 30 knots ground speed. Taxi speeds in 
excess of the above may result in damage to the canopy 
or airplane structure. 


PROHIBITED MANEUVERS 


SPINS 
Intentional spins are prohibited due to excessive loss of 


altitude and the probability of exceeding engine tempera- 
ture limits. (Refer to SPINS, Section VI.) 


NEGATIVE G MANEUVERS 


Maneuvers at less than one g or at a negative g for more 
than three seconds duration are prohibited on airplanes 
without an oil recirculating system. The recirculating 
system will supply satisfactory oil pressure to the constant- 
speed electrical power system during negative g condi- 
tions. On modified airplanes** which incorporate а 
recirculating system, negative g maneuvers are limited to 
15 seconds maximum, of which only 10 seconds may be at 
zero g. This limitation is necessary to ensure adequate 
engine lubrication, 


OTHER MANEUVERING LIMITATIONS 
AILERON DEFLECTION LIMITATIONS 


Note 
9 There are no aileron deflection restrictions on 
any airplanes during takeoff and landing when 
airspeed is below 270 KIAS. 


9 At approximately 94 aileron deflection, an addi- 
tional 10 pounds resistance (feel force) is 
imposed by added spring tension and must be 
overcome to obtain full aileron. 


ЗАВ 53-1791 thru 57-823, 57-825 thru 57-830, -832, -833, -835, 
-837, -838, -840, & -841, unless modified by TCTO 1F-102-725. 

a AF 53-1791, -1793, 56-1083 Є on, Є airplanes modified by 
ТСТО 1Е-102-602. 
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Airplanes With Enlarged Vertical Fin 


1. Yaw damper and turn coordinator on: 
a. Above 450 KIAS below 20,000 feet—% aileron 
(у aileron on some airplanes). 


b. АП other conditions—No restriction. 


2. Yaw damper and turn coordinator off: 
а. Above 450 KIAS below 20,000 feet— aileron. 


b. АП other conditions—% aileron except for take- 
off and landing. 


Airplanes With Small Vertical Fin 


1. Yaw daniper and turn coordinator on or off: 
а. Above 450 KIAS below 35,000 feet—34 aileron. 
b. Above 480 KIAS below 12,000 feet— aileron. 
с. All other conditions— No restriction. 


Yaw Damper and Turn Coordinator Off 


When operating the airplane with the yaw damper and 
turn coordinator off, the following restrictions shall be 
observed to prevent exceeding the current structural limi- 
tations of the airplane: 


1. Roll maneuvers shall be restricted to positive quad- 
rant rolls only. 


Note 
А positive quadrant roll is a roll to a 909 bank 
either side of level flight or from a 90? bank 
in one direction to a 90? bank in the opposite 
direction passing through level flight position. 


2. No uncoordinated maneuvers shall be performed 
except during takeoff and landing. 

3. Rapid application of aileron shall be avoided except 
during takeoff and landing. 


4. No intentional rolling pushdowns shall be per- 
formed. 


Roll Maneuvers 


When executing rolls through greater than 180°, elevator 
position should not be varied from the position selected 
at entry, except to prevent the airplane from exceeding 
limit asymmetrical load factors, 


Note 
If elevator is inadvertently applied during rolls 
and excessive pitch or yaw тасецуегѕ аге 
encountered, do not attempt to fight the 
response. Neutralize all controls until control is 
regained. 


180% load factor limit. 
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Airplanes With Small Vertical Fin 


In addition to the other maneuvering limitations, the fol- 
lowing restrictions apply to airplanes with the small tail: 


1. Snap rolls or snap maneuvers are prohibited. 
2. Uncoordinated maneuvers are prohibited. 


3. High rates of roll must be avoided to prevent inertía 

coupling (see Section VI). 

a. Roll rates for positive quadrant rolls are not 
restricted (roll to a 90? bank either side of level 
flight or from a 90? bank in one direction to a 
90? bank in the opposite direction passing 
through level flight position). 

b. For full roll maneuvers (360?) with the sideslip 
angle transducer inoperative (flight mode selec- 
tor switch to DIRECT МАМ), the airplane is 
limited to a У; aileron deflection or a maximum 
toll rate of 80? per second. With sideslip angle 
transducer inoperative (flight mode selector 
switch to MAN), the airplane is limited to 34 
aileron deflection or a maximum roll rate of 120? 
per second. 


ACCELERATION LIMITATIONS 


Some airplanes are restricted to 80% of design load fac- 
tors until certain structural modifications are accom- 
plished, at which time they are cleared for operation at 
100% design load factors. Those airplanes that are lim- 
ited to 80% of design load factors are as follows: 


€ AF 54-1375, 54-1390, 55-3430, 56-992, and 56-995 
unless modified by TCTO 1F-102-633A. 


е AF 53-1799 unless modified by ТСТО 1F-102-600. 


@ AF 53-1793, 53-1799, 53-1817, and 54-1403 unless 
modified by TCTO 1F-102-639. 


ЭЭ 
€ AF 53-1794, 53-1797, 53-1799, and 53-1806 unless 
modified by TCTO 1F-102A-538. 


Figure 5-3 represents operating flight limits for symmet- 
rical loads. Asymmetrical (rolling) maneuvers impose 
higher loads on the airplane and therefore require more 
restrictive g limitations. The following tables show sym- 
metrical and asymmetrical maneuvering limitations: 


Missile Bay Doors Open 


Symmetrical Rolling Pullouts 


Negative Positive Positive 


#80% Limits. 
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External Tanks Containing Fuel 


Symmetrical Rolling Pullouts 


Negative 


Positive Positive 


—0.8g* t24g* 0 g to 1.8g* 


—10g | +3.0g 0 g to 2.3g 


%80% Limits. 


External Tanks Empty or Over 4200 
Pounds Internal Fuel 


Symmetrical 


Rolling Pullouts 


Negative Positive 


0 g to 3.1g* 
0 g to 3.9g 


%80% Limits. 


Clean Airplane, Less Than 4200 Pounds Fuel 


Symmetrical Rolling Pullouts 


Negative Positive Positivo 


0 g to 4.0g* 


0 g to 5.0g 
2806, Limits. 


CENTER OF GRAVITY LIMITATIONS | 


The only in-flight control of cg position is the firing of 
armament and the transfer of external fuel. (Refer to 
EXTERNAL TANKS, this Section.) The cg position at 
takeoff is therefore important and should be closely 
checked and maintained within limits either by armament 
foading or ballast. CG position at takeoff approaches the 
aft limit and moves forward during flight and із normally 
near the forward limit for. [anding. Firing of armament 
soon after takeoff may result in the cg position shifting 
beyond the aft limits. (Refer to Handbook of Weight and 
Balance Data, T.O. 1-1B-40.) 


WEIGHT LIMITATIONS 


Тһе design of the airplane precludes the possibility of 
overloading; therefore, the niaximum gross weight will 
not be exceeded for takeoff as long as standard armament 
and full extérnal tanks are carried. Аг landing weights 
(less than 22,000 pounds) the rate-of-sink at touchdown 
is limited to a maximum of 540 feet per minute, to pre- 
vent structural damage to the landing gear. If the gross 
weight at touchdown exceeds 22,000 pounds or if empty 
externa! wing tanks are still on, the designed rate of sink 
at touchdown is 300 feet per minute. Refer co FLIGHT 
WITH EXTERNAL TANKS in Section VI for addi- 
tional information. 
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The airplane has a conventional turbojet airplane 
response to change of thrust; however, the change of 
thrust in the operating range can be relatively large for 
a small throttle movement due to engine bleed valve 
operation. Optimum performance is obtained when the 
св is maintained close to the aft limit due to reduced 
trim drag. The use of elevons requires no unusual flying 
techniques as stick movement for a desired maneuver is 
the same as it would be if conventional elevator and 
ailerons were employed. Control response is good at all 
speeds; however, a “snaking” motion appears in the 
transonic speed range. This snaking or oscillating motion 
is damped out by the yaw damper system. In addition 
to the yaw damper (which incorporates a turn coordina- 
tion system) a pitch damper is installed to minimize 
pitch oscillations, The maneuvering capabilities of the 
airplane are generally good; however the roll restric- 
tions as established in Section V are imposed to provide 
satisfactory operation of the airplane and, at the same 
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time, reduce the possibility of encountering inertial cou- 
pling. Later airplanes are provided with an increased area 
vertical fin to eliminate roll restrictions imposed because 
of inertial coupling dangers. Flight tests indicate that 
airplanes with the increase of 40% vertical fin area have 
less inertíal coupling effects and better handling and gen- 
eral flying qualities than the earlier airplanes without this 
design improvement. With incorporation of the increased 
area fin, performance of the airplane is not perceptibly 
changed. The general handling characteristics of the air- 
plane during flight with a dead engine are good in the 
low speed ranges. However, when a flameout occurs (or 
is induced) at airspeeds above 220 KIAS, the inter- 
ruption of airflow through the engine inlet ducts will 
create a duct rumble which causes an annoying buffet or 
heavy vibration within the airplane. The severity of this 
disturbance will increase proportionally to the indicated 
airspeed, and is only slightly perceptible at best glide 
speed of 220 KIAS. 


STALLS 


The handling characteristics of this airplane at low speeds 
are excellent, with good control response below the 
recommended minimum speeds of the airplane, and no 
“stall,” in the usual sense of the word, is encountered. 
А stall in this airplane may be defined as loss of con- 
trol about any one axis. See figure 6-1 for the recom- 
mended minimum speeds based on normal gross weight 
and sea level altitude. The data are presented for maxi- 
mum and military thrust and show the variation of 
minimum speed with bank angle, load factor and ambient 
air temperature. А correction factor is included to account 
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NOTE 
INCREASE SPEEDS SHOWN З 
KNOTS FOR EACH 1000,F00T 
INCREASE IN ALTITUDE 
ABOVE SEA LEVEL 


V BANK ANGLE LIMIT 


INDICATED AIRSPEED —KNOTS. 


30 40 
BANK ANGLE— DEGREES. 


EXAMPLE 

А, INITIAL AIRSPEED =190 KNOTS (AS, 

cB. INITIAL BANK ANGLE =0°. М 

FALIITUDE' REQUIRED TO REGAIN LEVEL 
СНТ =700 FET. 

КПА, SINK RATE =3300 FT/MIN, 


50 
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LEVEL FLIGHT MINIMUM SPEEDS 
WITH MILITARY THRUST. 


EXAMPLE ` 

A INITIAL BANK ANGLE =39°, 

В OUTSIDE AIR. TEMPERATURE! = 15°C. 

С MINIMUM. AIRSPEED =160 KNOTS IAS, 


60 


ALTITUDE REQUIRED TO RECOVER FROM DESCENT iN | - 
ADJUSTING THRUST FROM THAT SPECIFIED ТО MILITARY THRUST | 


NOTE 

«е ALTITUDE LOST 15 HIGHLY DEPENDENT ON PILOT TECH- 
NIQUE AND CURVES ARE THEREFORE APPROXIMATIONS. 

€—-—LEVEL FLIGHT MINIMUM SPEED (MILITARY THRUST). 

STANDARD DAY. 

@ PILOT REACTION TIME =2 SECONDS. 


Section МІ 


т.о. 


EXAMPLE 


A INITIAL AIRSPEED =190 KNOTS IAS. 

В INITIAL BANK ANGIE 2-09, 

C ALTITUDE REQUIRED TO REGAIN LEVEL — 
RIGHT =250 FEET. і 

D INITIAL ЗМК RATE —3,100 FI/MIN. 


NOTE 
@ INITIAL THRUST SETTING — 80-8575 RPM 


2 NOTE 
@ INTIAL THRUST SETTING —IDLE. 
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x 
2 9 
00 
rs 
ЎЎ а» 
2 аку 
5 У 
4 000 шид 
ў с B 5 
00 
0 А 


21957-1 


(APPROACH. THRUST). 

1-1-4-4-4 2 

і 

1 

си 

0 \ 
[T d ШЕ PL | O 

gu" юй 6 | 

TA | 

(4 В D | 

| 

А 0 


Figure 6-1 
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MODEL: F-102A 
DATE: 1 JULY 1958 
DATA BASIS: FLIGHT TEST 


CONDITIONS 

© GROSS WEIGHT 
EQUALS 27,500 185 

«сб 27.5% 


AMBIENT TEMPERATURE 
AS INDICATED 
e ALTITUDE SEA LEVEL 


CONFIGURATION 
е LANDING GEAR DOWN 
© SPEED BRAKES OUT 


EXAMPLE 

A INITIAL AIRSPEED = 190. KNOTS IAS. 

Ë INITIAL BANK ANGLE =0°. 

С ALTITUDE REQUIRED TO REGAIN LEVEL 
FLIGHT —700 FEET. 

D INITIAL SINK RATE =3300 НЕТ/МІН. 


NOTE 


@ INITIAL THRUST SETTING —IDIE 


ADJUSTING THRUST FROM THAT SPECIFIED TO MAXIMUM THRUST 


60 


a Leh a 3 TRES 


minimum speed. 


LEVEL FLIGHT MINIMUM SPEEDS 
WITH MAXIMUM THRUST NOTE 


INCREASE SPEEDS SHOWN 3 | 
KNOTS FOR EACH 1000 FOOT 
INCREASE IN ALTITUDE 
ABOVE SEA LEVEL. 

EXAMPLE Y BANK ANGLE UMIT 

А INITIAL BANK ANGLE 2499. 

В OUTSIDE AIR TEMPERATURE =15°C. 

C MINIMUM. AIRSPEED =160 KNOTS US. 


INDICATED AIRSPEED — KNOTS 


30 30 
BANK ANGLE— DEGREES 


ALTITUDE REQUIRED TO. RECOVER FROM DESCENT IN 


EXAMPLE š ; 
IRITIAL AIRSPEED —190 KNOTS 
INITIAL;BANK AHGLE.=0° ` 
ALTITUDE REQUIRED TO REGAIN LEVEL - 
FLIGHT :=250: FEET. Зи 

INITIAL SIRK RATE —3,100° РЕЄТУМІН. 


NOTE 

© ALTITUDE LOST IS HIGHLY DEPENDENT ON PILOT TECH- 
NIQUE AND CURVES ARE THEREFORE APPROXIMATIONS. 

9 ~-~ LEVEL FLIGHT MINIMUM SPEED (MAXIMUM THRUST). 

% STANDARD DAY. 

Ф PILOT REACTION TIME —2 SECONDS. 


о еш» 


NOTE 
че INITIAL THRUST SETTING — 80-85% RPM 
(APPROACH. THRUST). 
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for altitudes greater (һап sea level. Additional data are 
presented in the form of rate-of-sink and altitude required 
to recover from descent with idle thrust and approach 
thrust (80-85% rpm) using maximum thrust are military 
thrust for recovery. During level flight, at a gross weight 
of 25,000 pounds, a warning buffet starts at approxi- 
mately 170 KIAS, and increases slightly to a moderate 
buffet at 125 KIAS. With military thrust at 30,000 feet, 
a rate-of-sink develops at approximately 160 KIAS, and 
very high ratés-of-sink are encountered. at lower speeds. 
Аз the airspeed is reduced below 110 knots, the ailerons 
should not be used for lateral control of the airplane as 
the adverse yaw induced may inadvertently cause a spin 
entry. Rudder control alone should be used to maintain 
lateral directional control to stall speed of 95 KIAS, At 
this speed, the airplane may fall off in a nose-down spiral 
or, if back pressure 15 held, enter а spin. Recovery from 
a stall, or the approach to a stall, is easily effected by 
relaxing back pressure on the stick; however, consider- 
able altitude (up to 6000 feet) will be lost. The recon 
. mended minimum. speed for this airplane is 125 knots. 
Below this speed, lateral control effectiveness-falls-off 
rapidly and very high sink rates are encountered (up to 
10,000 feet per minute). At altitudes above 35,000 feet, 
engine compressor stalls are usually encountered below 
115 KIAS, and if allowed to persist, the exhaust gas 
temperature limits may be exceeded (Refer to COM- 
PRESSOR. STALL, Section ШІ.) 


SPINS 
Note 
Intentional spins in this airplane are prohibited 
due to excessive loss of altitude and the prob- 
ability of exceeding engine temperature limita- 
tions. 


The possibility of entering inadvertent spins cannot 
be overlooked in any operational fighter-type airplane, 
although the pre-spin warnings of the F-102A should 
greatly reduce the probability of entering a өріп, Spin 
warning characteristics, as in stalls, are airframe buffer, 
loss of lateral directional control, high rate of sink, and 
probable engine compressor stalls. As the airspeed. 15 
allowed to decrease well below the recommended mini- 
mum airspeed or a g load is held through severe buffet, 
the airplane will fall off laterally in either direction and 
spin if continued back stick pressure is held. The airplane 
will spin in an oscillatory manner and may change direc- 
tion of rotation several times when up elevator and neu- 
tral aileron controls are held, If aileron is applied and 
held in one direction, the airplane will spin in the oppo- 
site direction, i.e., left aileron will induce a spin to the 
tight. Rudder deflection at spin entry will determine the 
initial direction of the spin if applied or held in before 
the angle of attack has reached 32° nose up. 
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SPIN RECOVERY 


The recommended procedure for recovery from an inad- 
vertent spin is as follows: 


1. Throttle IDLE. 


2. Release all controls until the nose has dropped to 
well below the horizon and the rotation has stopped. 


3. Apply power and up elevator to complete the recov- 
ery only after 130. KIAS has been reached. At this 
airspeed the elevons and rudder are effective and 
may be used to maintain desired altitude. 


If the rotation continues for more than one turn after 
release of the controls, the recovery can be effected 
immediately by applying one-half aileron in the direc- 
tion of the spin (left aileron to recover from a spin to 
the left). 


Note 
ө Oscillation in roll may mask the direction of 


rotation; if the aileron does not cause recovery 
in one turn, reverse the direction of application. 


9 As thé spin breaks, the nose will pitch down 
and rotation will stop simultaneously. Аз soon 
as this occurs, neutralize aileron to stop roll rate. 


After recovery from a spin, during which engine com- 
pressor stalls were encountered, retürn to base at mini- 
mum power and land, If the airplane has been spun or 
fully stalled this fact shall be entered on Form. 781 so 
that the engíne can be inspected for damage. 


FLIGHT CONTROLS 
SPEED BRAKES 


The hydraulically operated speed brakes may be used to 
slow che airplane at ali speeds. When extending the speed 
brakes, a slight nose-up airplane trim change occurs 
which becomes more pronounced at higher airspeeds. 
When retracting the speed brakes, a nose-down trim 
change occurs, Refer to the Appendix for descents with 
speed brakes and to Section V for speed brakes limitations. 


LONGITUDINAL CONTROL FORCES 


Stick force is proportional. to stick deflection and varies 
with altitude and Mach number. Caution should be used 
during accelerated flight conditions as some elevator stick 
force lightening will occur as speed decreases in the 
transonic region (Mach .9 to 1.05), 


LATERAL CONTROL FORCES 


Lateral controls are designed so that stick force is a con- 
stant function of stick displacement. However, ailerons 
are most effective at approximately Mach .9 and decrease 
in effectiveness with an increase or decrease of speed. 
Control response neat the neutral position is inherently 
sensitive but noc excessive. The new pilot checking out 
may have a tendency to overcontro! slightly before 
becoming accustomed to stick feel in the proximity of 
the neutral position. 


С 
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RUDDER CONTROL FORCES 


The rudder pedal force varies with indicated airspeed. 
Full rudder deflection is available at approach and taxi 
speeds with approximately 50 pounds pedal force. Ас 
high indicated airspeeds approximately five times this 
force is required for one-quarter rudder deflection. 


LEVEL FLIGHT CHARACTERISTICS 
LOW SPEED 


The recommended airspeeds for takeoff, approach and 
landing, and their relationship to gross weight, ambient 
air temperature and altitude contained in this handbook 
are above any unsafe flight attitude. Handling character- 
istics within these speed ranges are excellent and control 
response is positive. However, high angle of attack, asso- 
ciated with low speeds in the approach and landing con- 
figuration, together with the effective contro] response 
may mask the development of high sink rates. Since this 
airplane does not exhibit conventional stalling charac- 
teristics, it is possible, in high-altitude flight, particularly 
in maneuvering, to generate a condition of high drag 
which is beyond the capability of the engine to overcome. 
The possibility of entering this condition must be antici- 
pated, since recovery may require more altitude than is 
available, particularly in the landing approach. Figure 
6-1 shows the relationship of rate-of-sink and altitude 
lost in recovery from descent in the low-speed region. 
Data are included for initial thrust settings of idle and 
approach thrust (80-85% rpm) using maximum and mili- 
tary thrust for recovery. Engine thrust is not always a 
substitute for airspeed, particularly in the low speed 
range, so do not rely on engine thrust alone to get out of 
trouble, As is shown in figure 6-1, there is a minimum 
speed associated with the various airplane and atmos- 
pheric conditions of operation. It is very important to 
obrain at least this speed prior to any high-altitude 
maneuvering flight. А speed higher than the minimum 
is advisable at least until more complete familiarity with 
the airplane characteristics is attained. Although the 
design of the airplane provides for good forward visi- 
bility during all norma! flight, the wide range of the 
obtainable angle of attack (angle of attack in excess of 
about 209) at low speeds makes it possible to obstruct 
forward visibility along the flight path with the nose of 
the airplane. Refer to Appendix for takeoff and landing 
speeds. 


MEDIUM SPEED 


Medium speed flight characteristics are conventional. 


HIGH SPEED 


Whenever flight into the supersonic region is anticipated, 
the pitch and yaw damper systems should be engaged to 
aid in maintaining coordinated flight through the high- 
speed stages. 
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@ Flight into the transonic and supersonic speed 
ranges should not be attempted with the yaw 
damper inoperative. With the yaw damper dis- 
engaged, a snaking or oscillating motion will 
appear in the transonic speed range. 


е If flight with the damper systems inoperative 
is mandatory, refer to OTHER MANEUVER. 
ING LIMITATIONS, Section У. 


As speed increases through the transonic range and into 
the supersonic speed range, a nose-down trim change 
(nose tucks down. slightly) occurs, Some stick force 
lightening may occur when decelerating through the 
Mach 1.0 and Mach .95 region. Because of the excellent 
response to aileron action throughout the entire speed 
range of the airplane, large aileron deflections in the high- 
speed range should not be attempted until the pilot is 
thoroughly familiar with the response, When using maxi- 
mum thrust at low altitude, іс is possible to exceed tem- 
porary or design speed limitations (refer to Section V). 


Note 
See figure 6-4 which shows maximum Mach 
number capabilities. 


MANEUVERING FLIGHT 


The present-day design requirements for an interceptor 
are principally for speed with reduced capabilities for 
maneuvering. With this design the mass of the fuse- 
lage as compared to short wingspread creates a new 
phenomenon. This phenomenon, inertia coupling, is dis- 
cussed in the following paragraph. 


INERTIA COUPLING 


The large lateral and normal load factor response during 
an abrupt aileron roll maneuver has been referred to 
as the inertial coupling effect. When a maneuver is per- 
formed so that a combined rolling and yawing rotational 
velocity exists, a pitching motion results due to the 
inertia effects. Similarly a combined pitching and roll- 
ing rotational velocity results in a yawing motion. This 
phenomenon can be illustrated by considering a rod to 
represent the distributed mass along the length of the 
fuselage. If the rod is rotating about an axis which is 
inclined to the axis of the rod at some pitch angle, the 
centrifugal force or inertia effects will tend to cause the 
rod to increase this pitch angle (ie. becomes a fly 
weight). The aerodynamic characteristic which opposes 
the increase of this pitch angle is the static stability of 
the airplane. This effect is present on all airplanes but 
has become more pronounced on present day design. The 
automatic stability augmentation system of this airplane 
provides adequate protection from structural damage pro- 
vided that the abrupt aileron maneuvers are performed 
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ТЕ: 15 OCTOBER 1958 
А BASIS: FLIGHT TEST 


ALTITUDE 


GCA/ILS SLOPE (39) 
4000 


DISTANCE TO EA 


LANDING FLARE CAPABILITY IS INCREASED WITH HIGHER APPROACH 
PEEDS. EXCESSIVE ANGLE OF ATTACK {АТ LOW SPEEDS) WILL INCREASE 
HE DRAG TO-A POINT THAT CAN BE AS GREAT AS THE THRUST AVAILABLE. 
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RATE :OF CLIMB 
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LANDING GEAR 
DESIGN LIMIT 


` INDICATED AIRSPEED — (NOTS 


RATE OF DESCENT. 
FEET / MINUTE 
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CONFIGURATION: CLEAN 
GROSS WEIGHT: 25,000 POUNDS 
CG.: 28.53, МАС. 


ІШЕ 
THRUST 


REFER TO SECTION V FOR EXISTING LOAD FACTOR 
LIMITS, 


76, 56 


WITH DECREASING MACH NO., OBTAINABLE LOAD 
FACTOR WILL INCREASE. REFER TO SECTION-V FOR 
EXISTING LOAD FACTOR (ІМП. 


56 
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EL: F-1024 MAXIMUM POWER 
:23 AST 1956 NO EXTERNAL LOAD 


REFER TO SECTION | 


V FOR EXISTING: 
AIRSPEED LIMITATIONS 
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in accordance to the operating limitations, However, the 
following provides additional information regarding the 
roll behavior of the airplane: 

а. Adverse yaw (against the turn) characteristics exist 
with nose-high angles of attack during rolling 
maneuvers, whereas complementary (with the turn) 
yaw characteristics exist with low angles of attack. 
Тһе crossover between adverse yaw and comple- 
mentary yaw characteristics for level flight entry 
conditions occur at approximately 268 KIAS. 

b. Application of back stick (up elevator) aggravates 
the divergence tendency of the adverse yaw flight 
conditions, whereas forward stick (down elevator) 
aggravates flight conditions where complimentary 
yaw characteristics exist. 

c. During the critical response roll maneuver, the 
normal load factor is opposite to the pitch rate, 
i.e. negative load factor with positive pitch rate or 
vice versa. Under these conditions the application 
of elevator governs the pitch rate and can greatly 
increase the normal load factor. 
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If limit roll rates are exceeded and inertia coupling is 
encountered, the recommended control action is to use 
aileron only to stop the roll rate. Do not attempt to fight 
the pitch and yaw, but neutralize the elevator and rudder. 


DIVES 


Diving flight characteristics are similar to high-speed, 
level flight characteristics. А tuck-under tendency noted 
in the transonic and lower supersonic speed ranges is also 
present when diving. To minimize the tuck-under when 
dive speed approaches Mach 1.3, correction should be 
made with manual trim or back stick application. 


DIVE RECOVERY 


When diving in the speed range between maximum level 
flight speed and limit dive speed, a roll-off, generally to 
the right (approximately 20? per second), will be encoun- 
tered during recovery below 35,000 feet, when attempting 
а maximum load factor pullout. The roll-off is caused 
by some airplane asymmetry which requires aileron trim. 
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102А CONFIGURATION: SPEED BRAKES ОРЕН 
OCTOBER 1958 (GROSS WT.: 24,500 18.) 


BASIS: FLIGHT TEST STANDARD DAY 


PULL-OUT LOAD FACTOR 


~ ALTITUDE LOST DURING PULL:OUT — 1000 FEET 
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PULL-OUT (25,000 FEET) 


. 4$ PULL-OUT LOAD FACTOR 


- OF PULL-OUT (1,2). 
. I DIVE ANGLE AT 5 


` PULL-OUT (6,700 FEET). 
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Тһе trim is lost when maximum elevon hinge movement 
is obtained, resulting in insufficient elevator deflection to 
develop full g capabilities. See figure 6-3 for maximum 
load factors obtainable before encountering roll-off. Dive 
recovery should be executed with caution since an accel- 
erometer is not installed on all airplanes, and no dive 
should be attempted when pullout would exceed a load 
factor of 4.0 g's, 


Note 
In recovery from a supersonic dive, minimum 
altitude loss is experienced if afterburner is 
turned off and speed brakes are opened. 


FLIGHT WITH EXTERNAL TANKS 


General flight characteristics with external tanks installed 
are basically the same as for the clean airplane. The nor- 
mal differences associated with increased gross weight 
will be noted, Takeoff roll will be slightly increased and 


nose wheel lift-off speed should be a few knots higher. 
With one tank containing fuel and the other empty, no 
particular problem should be encountered in flight. Land- 
ing with either or both external tanks full or partially 
full is not recommended, and if attempted, close atten- 
tion to airplane gross weight and sink rate must be 
observed. External tanks may be jettisoned at any speed 
within the tanks-on operating range. Though some lift 
may be experienced as the tanks release, there is no tend- 
ency to pitch-up. If either or both tanks are full when 
jettisoned, a sudden shock or vibration is experienced 
within the airplane as a result of the tank ejector mecha- 
nism reacting against the inertia of the heavy tank. This 
is characteristic of the ejector mechanism and should 
cause no concern. 


Note 
Refer to EXTERNAL TANKS, Section V, for 
airspeed and acceleration limitations with exter- 
nal tanks installed. 
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COMBUSTION START—SECOND 
ATTEMPT 


If a second attempt to start is to be made on airplanes 
equipped with a combustion starter and no external 
power is available, it may be necessary to manually 
replenish the starter fuel flask. This would be necessary 
if a false start had occurred. Without external power, ac 
power is not available and as a result the starter fuel 
flask would not be automatically replenished, The fol- 
lowing procedure should be followed to manually 
replenish the starter fuel flask: 


71. Gain entrance to the fuel flask through the right- 
hand engine access door. 


2. Remove bleed line cap cover from starter flask 
bleed line. 


Section VII 
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. Apply approximately ten psi of air to fuel flask 
bleed line. 


4. Listen for bottoming of the plunger in starter flask. 


5. Remove air source and allow fuel to gravity feed 
from fuel tanks to fill starter fuel flask. Use а 
suitable container to collect fuel drainage from 
fuel flask, 


6. Install bleed line cap cover. 
7. Check for leaks. 


ENGINE COMPRESSOR BLEED SYSTEM 


An automatically controlled compressor air bleed system 
on the engine reduces the possibility of compressor insta- 
bility and resulting compressor stalls due to surges of 
low-speed compressor airflow acceleration. At times when 
the forward (low-speed) compressor supplies a greater 
volume of air than can be used by the айс compressor, air 
is vented to atmosphere from excess 9th stage air, over- 
board from the 9th stage manifold through a bleed valve 
and ducting to'openings in the upper fuselage skin. 
A compressor bleed governor, driven by the low-speed 
compressor, senses changes both in rotor speed and in air 
pressure and temperature in the engine compressor inlet, 
This intelligence is transmitted to a bleed valve actuator 
which opens or closes the bleed valve, according to 
information received. The governor is mechanical, and 
the temperature sensing unit operates through a capil- 
lary. The valve actuating mechanism is pneumatic and 
uses air bled from the 16th stage of the high-speed com- 
pressor. The engine compressor bleed system is inde- 
pendent of any of the airplane systems. 
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FUEL BOOST PUMP LOW FUEL LEVEL 
OPERATION 


On lowering the landing gear or on application of 
equivalent decelerating force, the fuel in the tanks will 
momentarily displace forward and unport the aft boost 
pumps and "T" check valve beli mouth. If neither for- 
ward pump is operating in fuel, air will be introduced 
inta the fuel system and result in a flameout. Basically, 
the fuel system will sustain a constant flow of fuel as 
long as either forward boost pump is operating in fuel or 
both “Т” check valves are submerged іп fuel. If one side 
has been depleted of fuel as indicated by the low level 
warning light and the boost pump low-pressure light, the 
fuel valve to the empty side will be closed. In this con- 
dition, the concern is with the forward pump and “Т” 
check valve on the side supplying fuél. In flight, boost 
pump failures are few but unawareness of probable con- 
sequences is a hazard. A boost pump that is a potential 
failure will normally continue operating satisfactorily 
until stopped. Once stopped, it may not restart. During 
descent with low fuel level in the No. 3 tanks, the fol- 
lowing is applicable: 


1. Whenever a penetration is made with a compara- 
tively low fuel level in the No. 3 tanks, 600 pounds 
or less per tank, then the positive operation of the 
forward pumps should be established. 


2. If the aft boost‘pumps are momentarily. deactivated 
and the boost pump low-pressure warning light does 
not illuminate, this is an indication of proper func- 
tioning of respective forward boost pump. 


3. If either forward pump is not available, then a rela- 
tively nose-high attitude must be maintained. 


For additional information on fue] management, refer to 
Section III. 


HIGH-PRESSURE PNEUMATIC CAPABILITY 


Basic design concept in providing air supply for starting 
the éngine is to provide a start capability at a remote base 
where a high-pressure compressor is not available. This 
concept presumes that a mission has been accomplished 
(including three armament passes consisting of three 
door cycles and two launchers cycles), and that the air- 
plane requires only refueling before a return to the prime 
base, but does not allow for any emergencies or air 
motoring requirements of the combustion starter. When 
landing at a remote base where a high-pressure com- 
pressor is not available and it is essential that a start be 
made, air motor is to be minimized under the following 
conditions: 


1. 1f the airplane has made two or three separate 
armament passes. 


2. If a warning light indicating low pressure in the 
high-pressure pneumatic system is illuminated. 
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Note 
• То minimize air motoring of the combustion 
starter during the starting séquence, place the 
throttle outboard to START, then depress the 
ignition button and immediately move inboard 
to the OFF, then IDLE position. 


9 There is a possibility of air motoring with the 
airplane's air supply system after two armament 
passes, but this would be marginal and may 
result in a "hung" start. 


* Do not turn off battery power when landing at 
a remote base if an air compressor is not avail- 
able and a combustion start is to be attempted. 
Do not reset the armament switch until after 
engine start to prevent the cylinders from refill- 
ing with air needed for the combustion starter. 


Under all other conditions, air motoring of the combus- 
tion starter is mandatory. Given the most extreme condi- 
tions of air usage, leakage, and thermal loss, a starter 
capability should exist from 15 to 45 minutes after touch- 
down. Under more favorable conditions, this capability 
should exist over a much longer period due to a usual 
thermal gain after touchdown. (See figure 7-1.) 


Note 
е If a combustion start is made using the airplane 
supply prior to a firing mission, there will not 
be sufficient air left for armament firing. 


Ф Low pressure іп the system will affect rudder 
feel. Feel will not increase above that normally 
attained at approximately 380 knots indicated. 
If faster airspeeds are attained it is recom- 
mended that the rudder not be used because 
tudder feel will give the pilot a misleading 
indication of the stresses on the tail assembly. 


SMOKE FROM TAILPIPE AFTER 
SHUTDOWN 


Normally the pressurizing and dump valve in the fuel 
control system will prevent the accumulation of fuel in 
the engine after shutdown. However, if for any reason, 
fuel or oil. should collect in the turbine housing during 
or immediately after shutdown, residual heat will 
vaporize the liquid and create a potential hazard. The 
situation is indicated by smoke or vapor exiting from the 
tailpipe. The engine should be cleared by the procedure 
given in Section H under STARTING ENGINES. АП 
personnel should remain clear of the tailpipe for several 
minutes after engine shutdown and at all times when 
smoke or vapor is issuing from the nozzle. 


LANDING GEAR 


Emergency landing gear extension is accomplished by 
pulling the landing gear emergency extension handle. 
When the landing gear emergency extension handle. is 
pulled, electrical power to the normal landing gear 
handle is shut off; therefore the landing gear handle can 
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be in either the UP or DOWN position whenever the 
emergency extension handle is pulled, and the gear will 
remain extended by the emergency system, This action 
mechanically opens a pneumatic shutoff valve to supply 
high-pressure pneumatic system pressure to the wheel 
well door and gear actuating cylinders which will open 
the doors and extend the gear. The air pressure is routed 
through cylinder mounted shuttle valves which prevent 
intermixing of air and hydraulic fluid during extension. 
А spring clip is installed to lock the landing gear emer- 
gency extension handle in the fully pulled position. The 
emergency extension system should be utilized whenever 
the normal extension system fails to extend the gear, in 
event of complete electrical failure, failure of the sec- 
ondary hydraulic system, or in the event of engine failure. 
Since the landing gear system operates from the secondary 
hydraulic system, failure of the primary hydraulic system 
would not influence normal gear extension; however, 
using the emergency system with only the primary 
hydraulic system inoperative may cause damage to the 
secondary hydraulic system. 


@ Normal landing gear extension with the primary 
hydraulic system inoperative should be made at 
a time when minimum use of flight controls is 
required. 

e In planning the landing when the gear is to be 
lowered by the emergency system, one minute 
should be allowed for gear extension time on 
some airplanes.* On other airplanes** emer- 
gency extension should not require more than 
10 seconds. 


The above considerations would also apply in the event 
of engine failure even though the engine is windmilling 
and partial system pressure is available from the primary 


* AF 53-1791 thru 56-1518 unless modified by Т СТО 1F-102-655. 


зад 57-770 © on, © airplanes modified by ТСТО 1F-102-655. 
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and secondary hydraulic systems. There are no provisions 
for retracting the landing gear pneumatically; therefore, 
landing gear retraction should not be attempted follow- 
ing an emergency extension. 


USE OF WHEEL BRAKES 


To reduce maintenance difficulties and accidents due to 
wheel brake failure, it is necessary that airplane brakes be 
treated with respect. The most common mistakes that are 
made that reduce brake life and reliability are stopping 
the airplane as quickly as possible regardless of che length 
of the runway; use of the brakes consistently for speeding 
up taxiing turns; and dragging the brakes while taxiing. 
When applying brakes, there may be a slight time delay 
between the pedal release and the release of braking 
action, To minimize brake wear, the following precau- 
tions should be observed insofar as is practicable. 


1. Use extreme care when applying brakes immediately 
after touchdown or at any time when there is con- 
siderable lift on the wings to prevent skidding the 
tires and causing flat spots. A heavy brake pressure 
can result in locking che wheel more easily if brakes 
аге applied immediately after touchdown than if the 
same pressure is applied after the full weight of the 
airplane is on the wheels. А wheel once locked in this 
manner immediately after touchdown will not 
become unlocked as the load is increased as long as 
brake pressure is maintained, Proper braking action 
cannot be expected until the tires are carrying heavy 
loads. Brakes, themselves, can merely stop the wheel 


from turning, but stopping the airplane is depend- . 


ent on the friction of the tires on the runway. For 
this purpose, it is easiest to think in terms of coeffi- 
cient of friction which is equal to the frictional 
force divided by the load ой the wheel. It has been 
found that optimum braking occurs with approxi- 
mately a 15 to 20% rolling skid; i.e. the wheel con- 
tinues to rotate but has approximately 15 to 20% 
slippage on the surface so that the rotational speed 
is 80 to 85% of the speed which the wheel would 
have were it in free roll. Ав the amount of skid 
increases beyond this amount, the coefficient of fric- 
tion decreases rapidly so that with a 75% skid the 
friction is approximately 60% of the optimum and, 
with a full skid, becomes even lower. There are two 
reasons for this loss in braking effectiveness with 
skidding. First, the immediate action is to scuff the 
rubber, tearing off little pieces which act almost 
like rollers under the tire. Second, the heat gener- 
ated starts to melt the rubber and the molten rub- 
ber acts as a lubricant. If one wheel is locked during 
application of brakes, there is a very definite tend- 
ency for the airplane to turn away from that wheel, 
and further application of brake pressure will offer 
no corrective action. Since the coefficient of friction 
goes down when the wheel begins to skid, it is 
apparent that а wheel, once locked, will never free 
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itself until brake pressure is reduced so that the 
braking effect on the wheel is less than the turning 
moment remaining with the reduced frictional force. 

2. If maximum braking is required after touchdown, 
lift should first be decreased as much as possible by 
dropping the nose before applying brakes. This 
procedure will improve braking action by increasing 
the frictional force between the tires and the run- 
way. 

3. For short landing rolls, a single, smooth application 
of the brakes with constantly increasing pedal pres- 
sure is most desirable. 


4. It is recommended that a minimum of 15 minutes 
elapse between landings where the landing gear 
remains extended in the slip stream, and a minimum 
of 30 minutes between landings where the landing 
gear has been retracted, to allow sufficient time for 
cooling between brake applications. Additional time 
should be allowed for cooling, if brakes are used for 
steering, cross-wind taxiing operation, or a series of 
landings is performed. 

5. The full landing roll should be utilized to take 
advantage of aerodynamic braking and to use the 
brakes as little and as lightly as possible. Aerody- 
namic braking is most effective during the high- 
speed portion of the ground roll, when wheel brakes 
are least effective. Figure 7-2 illustrates the benefits 
derived from aerodynamic braking. 

6. After the brakes have been used excessively for an 
emergency stop and are in the heated condition, the 
airplane should not be taxied into a congested 
parking area. Peak temperatures occur in the wheel 
and brake assembly from 5 to 15 minutes after à 
maximum braking operation. To prevent brake fire 
and possible wheel assembly explosion, the specified 
procedures for cooling brakes should be followed. 

7. The brakes should not be dragged when taxiing, 
and should be used as little as possible for turning 
while taxiing. 


GROUND MANEUVERING 


Excessive side g-loads are often imposed on the landing 
gear when high speed turns are made during ground 
operation. This occurs most frequently while taxiing 
prior to takeoff and during the landing roll. Excessive 
side g-loads cause undue strain and eventual damage 
to the landing gear. As indicated in figure 7-3, the maxi- 
mum permissible angle of turn decreases and the radius 
of turn increases sharply at higher speeds. Аз an example, 
at 15 knots the maximum angle of turn is 30 degrees and 
the radius of turn 35 feet. With an increase of speed to 
37 knots for the same condition, the angle of turn is 
reduced to five degrees and the radius of turn increases 
to 230 feet. Because of the unreliability of the airspeed 
indicator at slow speeds, the airplane should be slowed 
down as much as possible prior to turning off the active 
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runway after landing. Аз an added precaution, it is гес- 
ommended che last taxi way be used whenever possible. 
This will decrease tendencies of making high-speed turns 
that would subject the landing gear to excessive side 
g-loads. Considerable runway is required to reduce 
speed sufficiently for making turns. Under certain con- 
ditions with maximum braking first applied at touch- 
down and with no wind effect, approximately 2100 feet 
is required to slow the airplane from 134 knots to 30 
knots (134 knots is used as touchdown speed in this 
example) with the drag chute deployed, and approxi- 
mately 3255 feet without drag chute assistance. More 
than half the landing roll with drag chute, and two-thirds 
without drag chute, is at speeds of 90 knots or more. lt 
can be seen that much less braking force can be applied 
at high speeds, and that considerable runway is used 
before braking is most effective. For information con- 
cerning proper use of wheel brakes, refer to USE OF 
WHEEL BRAKES, this Section. 
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PARTIAL PRESSURE SUIT 
DEPRESSURIZATION 


When the partial pressure suit is pressurized during 
ground check or inadvertently due to a crash landing or 
malfunction at low altitude, the pressure should always 
be released from the helmet before it is released from the 
suit. This can best be accomplished by opening (unlock- 
ing) the faceplate. The pressure is released simultane- 
ously from helmet and suit following use of the test 
button on the kit and on some types of preflight test 
consoles. With the МС-3 and МС-4 suits, there is little 
immediate difficulty if pressure is first released from the 
suit, but with previous partial pressure suits, lung dam- 
аре can result. It is the responsibility of each pilot who 
wears an altitude suit to be thoroughly familiar with 
donning and connecting his suit, conducting a preflight 
inflation with available testers, and being thoroughly 
familiar with the operation and care of his particular 
type suit. 


SECTION VIII—CREW DUTIES 


Мо! applicable to this airplane. 
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Note 


Except for some repetition necessary for empha- 
sis, clarity, or continuity of thought, this section 
contains only those procedures that differ or are 
in addition to the normal operating instructions 
covered in Section II and Section IV. Any dis- 
cussion relative to systems operations is covered 
in Section VII. 


INSTRUMENT FLIGHT PROCEDURES 


These procedures and techniques pertain primarily to 
instrument flight conditions and are in addition to nor- 
mal procedures. Because navigation facilities and terrain 
vary at each base, this information is intended to serve as 
а guide to commanders in establishing instrument flight 
procedures. This airplane is capable of supersonic speeds 
during instrument flight conditions, thus demanding a 
relatively high degree of instrument proficiency and 
conscientious preflight planning. Fuel requirements for 
completion of instrument letdown, approach procedures, 
and possible diversion to alternate bases are much greater 
than for VFR flights and must be included in preflight 
planning. Only the essential navigation equipment is 


installed since ground-controlled guidance replaces some 
of the more conventional navigation aids found in most 
other types of airplanes. With the existing equipment, 
three types of instrument approaches may be made; ILS, 
GCA, VOR, and Tacan (some airplanes). 


INSTRUMENT TAKEOFF 


Complete the normal TAXI and BEFORE TAKEOFF 
checks as prescribed in Section II and check pitot heat 
ON. After aligning airplane visually with runway center 
line, check directional indicator (RMI) and standby 
magnetic compass against runway heading. Set attitude 
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indicator at 5? nose-down. This setting will provide a 
more accurate indication as it will tend to offset the 
pitch error resulting from takeoff acceleration. 


То insure that nose wheel steering is engaged 
for takeoff, the steering should be used to line 
up and should not be disengaged until the rud- 
der becomes effective on the takeoff roll. 


Instrument takeoffs may be made at either military or 
maximum thrust. 
Note 


Afterburner is recommended to shorten the 
takeoff roll in conditions of low visibility. 


Maintain heading with nose wheel steering until rudder 
becomes effective at approximately 80 knots. The direc- 
tional indicator is primarily for directional control, but 
reference should be made to runway centerline and run- 
way lights if possible. Beginning ас 125 KIAS apply 
back pressure and rotate the airplane from 5? nose-down 
pitch attitude to 15° nose-up pitch on the attitude indica- 
tor, Airplane will become airborne with pitch change. 
Raise landing gear when a positive climb indication is 
noted. Maintain approximately 12? pitch attitude on the 
attitude indicator until a positive climb is indicated on the 
vertical velocity indicator. Maintain 12? pitch attitude on 
the attitude indicator and a positive climb on the vertical 
velocity indicator until the climb schedule is reached. 


Note 

Іп maximum thrust takeoffs, the altimeter and 
vertical velocity indicator may lag or even indi- 
cate a descent in altitude just before breaking 
ground and during the initial climbout. This 
altimeter error is the result of disturbed pres- 
sure ahead of the airplane due to acceleration 
and high angle of attack. The altimeter will 
indicate correctly after the airplane reaches 
approximately 300 feet of altitude. 


INSTRUMENT CLIMB 


If the tactical situation permits, use military climb sched- 
ule when turbulence or rain are encountered. Upon 
reaching climb schedule, increase pitch attitude to approx- 
imately 18? on the attitude indicator. 


Afterburner climb through rain can result їп 
damage to the radome and wing fences. This 
schedule also results in a high pitch attitude for 
instrument flight. 
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INSTRUMENT CRUISING FLIGHT 


Keep the airplane trimmed for straight and level flight. 
For ease and precision of flight, limit all turns to 309 
bank angle. 


RADIO AND NAVIGATION EQUIPMENT 


Refer to Section IV for radio and navigation equipment 
installed. 


DESCENT 


The optimum thrust for fuel economy during descents is 
idle. Instrument descents can be flown without difficulty 
at any speed; though for maximum ease of handling, 
a constant-speed letdown (275 KIAS) is recommended. 


Steep descents, high indicated Mach numbers, 
and high angles of bank should be avoided to 
maintain positive control of the airplane at all 
times. Limiting bank angle to 30? ac all alti- 
tudes and rates of descent is recommended. 


RADAR RECOVERY 


Radar recovery can be accomplished with a minimum 
amount of fuel and time. Radar recovery procedure to be 
used following interceptions in IFR conditions should be 
practiced in VFR and IER weather to develop and 
improve the teamwork of the pilot and radar controller. 
When a ССА or ILS approach із requiréd, the descent 
from the inbound cruising altitude should be started at 
а sufficient distance to permit a straight-in at the recom- 
mended airspeed plus three to four miles for decelera- 
tion and changing to approach configuration before 
turn-on point (gate) to final approach. See figure 9-3 
for recommended procedures. 


JET PENETRATION 


Omni penetrations can be made by using various tech- 
niques. For ease of operation, letdowns using 8596 rpm, 
275 KIAS, gear up, and speed brakes out are recom- 
mended. The exact procedure for jet penetrations in the 
"Terminal Flight Information (High Altitude)" will 
vary at different bases because of terrain differences, air- 
way locations, and conflicting traffic control zones, Con- 
sequently, fuel requirements may vary as conditions 
vary. Letdown procedure at destinations should ђе care- 
fully checked and fuel allowances made a. part of the 
preflight planning. See figures 9-1 and 9-2 for the recom- 
mended techniques for typical penetration procedures. 
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Note 
If weather is below minimum for an omni low 
approach, request ILS or GCA prior to begin- 
ning letdown. Make decision to proceed to 
alternate while still at altitude, if possible. 


HOLDING 


Based upon minimum fuel consumption consistent with 
ease of handling, the holding data are as follows: 


MAXIMUM 
FUEL FLOW 
ALTITUDE KIAS % RPM (ps /hr) БАНК 
40,000 232 882 2200-2500 209 
20,000 225 85=2 2400-2750 309 


INSTRUMENT APPROACHES 


Тһе airplane has good handling characteristics during 
instrument approaches. At low rpm and low indicated 
airspeeds, response to throttle movement and acceleration 
is slow. Therefore, use relatively high thrust settings in 
the approach configuration and maintain at least 170 
KIAS. In rain or snow, use of the windshield rain clear- 
ing system will greatly increase forward visibility. If it is 
necessary to execute a missed approach, military thrust 
should be added and speed brakes closed. 


Note 


Afterburner should be used only if necessary, 
because of high fuel consumption rate. 


Raise the gear when a definite climb has been established 
and maintain at least 200 KIAS. Execute the established 
missed approach procedure as published in the "Terminal 
Flight Information (High Altitude)" or as directed by 
the ССА controller. 


TACAN 
Establish recommended final approach airspeed with gear 
extended after reaching the gate. Thrust required for 
level flight is approximately 8595 rpm. Upon reaching 
the pate, extend speed brakes and descend to minimum 
altitude. 


RADIO APPROACHES 


Normally an omni approach would be required only if 
the airplane is not VFR after reaching minimum pene- 
tration altitude and no ССА or ILS is available. Refer 
to the “Terminal Flight Information (High Altitude)" 
for the local procedures for the standard jet instrument 
approach. 


GCA APPROACH 


GCA procedures vary at each base due to location of 
radio fixes and local terrain. Fuel may be conserved by 
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waiting until final approach before using speed brakes 
and lowering landing gear. In heavy precipitation it is 
difficule for the GCA operators to keep the airplane 
visible in the precipitation clutter on the radar scope. 
This may result in initiating a missed approach. 


ILS APPROACH 


Check the "Terminal Flight Information (High Alti- 
tude)" for local procedures. During an ILS approach, 
maintain airplane attitude with the basic flight instru- 
ments and monitor the ILS indicator for reference to the 
localizer and glide-slope. If localizer interception is from 
a radio fix or GCI control and is at an angle of 909 or 
less, allow sufficient distance out to perform final cockpit 
check, slow to approach speed, and establish correct beam 
heading. See figure 9-4. 

During an ILS approach, if disappearance of 

the glide-slope indicator warning “OFF” flag is 

delayed beyond normal expectation, it may be 

an indication that electrical power to the instru- 

ment selector relays is lost and the CDI informa- 

tion is being derived from a Tacan station. Аг 

the start of an ILS approach where the CDI 

warning "OFF" flag has disappeared but the 

glide-slope warning "OFF" flag is still visible, 

or at a locally prescribed check point, check to 

determine if there has been power loss to the 

relays by turning the bearing selector knob a 

few degrees away from the inbound heading. 

If the CDI responds to the bearing change, the 

signal was being received from a Tacan station 

and пог the localizer. ТЕ (һе CDI does not 

respond to the inbound bearing change, the sig- 

nal was being received from the localizer. After 

both warning "OFF" flags have disappeared, a 

subsequent power loss to the instrument selector 

relays will be detected by the horizontal needle 

warning "OFF" flag appearing and the hori- 

zontal needle will center itself and remain cen- 

tered regardless of airplane movement. 


AUTOMATIC APPROACH (АПА5) 


Automatic approaches (see figure 9-4) are flown by using 
the automatic flight control system ( AFCS). For detailed 
operating instructions of the automatic flight control sys- 
tem, refer to Section IV. Refer to Section V for AILAS 
mode limitations. Use the following procedures for an 
automatic approach: 


1. Radar master switch—STBY. This positions radar 
antenna downward clear of the ILS glide-slope 
antenna. 
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NOTE 

© FOR EACH ADDITIONAL 1000 POUNDS OF FUEL, ADD 3 KIAS TO FINAL APPROACH SPEED. 

© FUEL REQUIRED FOR DESCENT FROM 40,000 FEET 15 APPROXIMATELY 210 POUNDS. 

@ REFER TO "TERMINAL FLIGHT INFORMATION (HIGH ALTITUDE) — JET” FOR PUBLISHED 
PENETRATION. 


і © IF WEATHER iS TOO LOW FOR TACAN OR OMN! APPROACH, REQUEST PAR, ILS, OR ÊRO- 
CEED ТО ALTERNATE WHILE STILL AT ALTITUDE. 
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NOTE 
Ф FOR EACH ADDITIONAL 1000 POUNDS OF FUEL, ADD 3 KIAS TO FINAL APPROACH SPEED. 


е FUEL REQUIRED FOR DESCENT FROM 40,000 FEET IS APPROXIMATELY 210 POUNDS. 


© REFER TO "TERMINAL FLIGHT INFORMATION (HIGH ALTITUDE) — JET” FOR PUBLISHED 
PENETRATION. 
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typical penetration ( straight in) 


| NORMAL LANDING GROSS WEIGHT 23,000 POUNDS 


| (REFER TO LANDING DISTANCE CHARTS ІМ THE APPENDIX FOR FINAL 
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PRIOR ТО REACHING GATE. 


FINAL APPROACH 
SPEED BRAKES —AS REQUIRED 
GEAR —DOWN 
SPEED —170 KIAS 

RPM ~85% 
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22 { DOG LEG | 
"um X SPEED — 180 KNOTS 145 П 
МА А RPM — APPROXIMATELY 85% ' 
“2 GEAR —DOWN | 
Меч а m ы? 
р н й Tow isst a E аа 
ЖО : sean d DOWNWIND LEG 
p^ d p Ma | SPEED — 200 KNOTS IAS 
ы г Я c E RPM — APPROXIMATELY 85% 
NAL а ia 0 
SPEED —175 KNOTS IAS 
GEAR — DOWN | Ë г 2 p 
RPM 5 ( 
MISSED APPROACH 
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| 
і 

; SPEED ~190 KNOTS IAS 
[ RPM —APPROXIMATELY 85% ~ 


~ APPROXIMATELY 85% 


SPEED BRAKES —IN 

GEAR —UP 

FOLLOW MISSED APPROACH 
ROCEDURE 


GLIDE PATH 
SPEED —175 ЮМ 
GEAR —DOWN гай 
SPEED BRAKES —OUT Ne: 
RPM APPROXIMATELY 85% 5» jP М 
Ee £ X РАНКА 
Жа — А ш "йн МУ 
Іні ; 
1228 USAIR 


Sn) аса 1 


THROTTLE —FULL MIL THRUST 


©. WE а а 


i 
1 


Figure 9-3 
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NORMAL LANDING GROSS WEIGHT.,23,000 POUNDS 


(REFER ТО LANDING DISTANCE CHARTS;IN-THE APPENDIX: FOR FINAL 
APPROACH. AND TOUCHDOWN SPEEDS AT'HIGHER:GROSS WEIGHTS.) | 


Я . | 


ENTRY 


йн SPEED 200 KNOTS 145 
по | SPEED BRAKES IN A А 
і GEAR UP oe) у 

RPM APPROXIMATELY 85% 18 ч 


NOTE š 
Ф IF FUEL IS CRITICALLY LOW, REQUEST AN EMERGENCY PAR PATTERN і 
AND DELAY LOWERING GEAR UNTIL ON FINAL APPROACH. з 
CAUTION 
FLARE AND LANDING MUST BE ACCOMPLISHED VISUALLY AS THE LAND- |. 
ING GEAR WILL NOT WITHSTAND THE IMPACT AT 170 KNOTS 145 
ALONG THE 3° GUDE SLOPE. 


' 
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| ON LOCALIZER 
ON GLIDE SLOPE 
MAINTAIN 175 KNOTS IAS , 


RPM 
' INDICATOR 

' 1 GEAR 

| SPEED BRAKES 

| SPEED 


NOTE 
| © MAINTAIN А MINIMUM OF 75% RPM UNTIL LANDING. IS ASSURED ТО PRO- 
VIDE MORE DESIRABLE ENGINE ACCELERATION IN EVENT OF А GO-ARDUND. 


© FOR EACH ADDITIONAL 1000 LAS. OF FUEL, INCREASE BASE, FINAL APPROACH, 
PRIOR TO FLARE, AND TOUCHDOWN AIRSPEEDS А. MAXIMUM OF 3 KNOTS. 


© IF NOT VER AT MINIMUM ATTITUDE, DEPRESS MOMENTARY INTERRUPT TRIGGER 
AND EXECUTE PUBLISHED MISSED APPROACH, 


CAUTION 


RARE AND LANDING MUST BE ACCOMPLISHED VISUALLY AS THE LANDING 
GEAR WILL NOT WITHSTAND THE IMPACT АТ 170 KNOTS (А5 ALONG THE 
3° GLIDE SLOPE. ARAS DOES NOT PROVIDE FOR AUTOMATIC FLARE AND 
TOUCHDOWN, 
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‚ INTERCEPT GLIDE SLOPE 


— APPROXIMATELY 85% 
—% DOT HIGH 

— DOWN 

—QUT 

— 175 KNOTS IAS 


зано QNS С PA 


INBOUND ON COURSE 


C 


RPM APPROXIMATELY 85% 

` GEAR —DOWN а 
SPEED BRAKES —IN Y 

(SPEED шата 


C 


Figure 9-4 
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пећ (ailas) 


: NORMAL LANDING GROSS WEIGHT 23,000 POUNDS | 


(REFER TO LANDING DISTANCES CHARTS IN THE APPENDIX FOR FINAL | 
APPROACH AND TOUCHDOWN SPEEDS AT HIGHER GROSS WEIGHTS.) i 


- LOCALIZER OVERSHOOT 


DEPENDENT UPON ENGAGE HEADING AND 
DISTANCE FROM RUNWAY. 


2 | 


| INTERCEPT LOCALIZER 


UNTIL LOCALIZER BEAM INTERCEPTION, 
AUTOMATIC 45° HEADING TO LOCALIZER. 


90° ENGAGE 
220 KNOTS 


| NOTE 


ФІГ AUTOMATIC SYSTEM IS NOT BEING USED, INTERCEPT LOCALIZER 
AS FOLLOWS, 
DISTANCE FROM INTERCEPT |- 
RUNWAY ANGLE 
10 NA. 60° OR LESS 
8 NM. 45^ OR LES 
6 HM. 30° OR LESS 
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2. AFCS engaged and operational in pilot assist mode. 
3. Set ILS runway heading in course indicator, 
4. Set function selector knob оп J-4 compass control 
panel to MAG. 
This is necessary or the compass will be phased 
to another heading reference. 
5. VOR receiver on, frequency set (some airplanes); 
ILS receiver (AN/ARN-31) on, frequency set, and 
instrument selector switch to ILS (other airplanes). 


6. Check that the localizer and glide-slope warning 
"OFF" flags are not showing and that the airplane 
is below the glide-slope (glide-slope indicator above 
center). 


7. Enter AILAS four-mile engage circle, which is cen- 
tered 12 miles from the runway, at ап altitude of 
1500 feet above the runway. AILAS шау be engaged 
on any heading; however, for early localizer capture 
and minimum localizer overshoot, the entry head- 
ing should be 45? or less to the localizer course. 


8. Airspeed 220 KIAS, landing gear up. 
9. AILAS button depressed. Check green light illuini- 
nated, dim as desired. 
The AILAS light will remain illuminated as long 
as the AILAS remains engaged; the light will go 
out upon disengagement. While under AILAS 
control, the elevon trim switch is inoperative. 


When the anti-icing systems are in operation, the airplane 
may be flown safely under icing conditions. No wing or 
vertical fin surface anti-icing systems are required as there 
is sufficient thrust available to overcome the increased 
range as increased thrust is required to maintain desired 
‚ fying speed. The stability and control of the airplane will 
not be noticeably affected with surface ice buildups. The 
most probable free air icing temperatures vary from 
-49С (+25°Е) at sea level to —249C (—12°F) at 
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AILAS limits bank angle (0:33 (3°) until glide- 
slope entry. 

10. Inbound on localizer, reduce speed to 185 KIAS. 
Тһе pilot may assume manual control at any time 
during the approach by depressing the momentary 
interrupt trigger. Prior to glide-slope entry, manual 
control is available without disengaging AILAS by 
depressing the momentary interrupt trigger (engage 
light remains on). Upon release of the momentary 
interrupt trigger, the system reverts to the AILAS 
mode. 


11. As the glide-slope indicator progresses down to М 
width from center, extend speed brakes, lower land- 
ing gear, and reduce speed to final approach speed. 


12. Check for glide-slope capture by noting airplane 
pitch response to the glide-slope signal following 
coincidence. Following glide-slope interception, 
AILAS limits bank angie to 15 degrees. 


When visual contact with the runway is established, 
depress and hold momentary interrupt trigger, flare out 
and touch down. With AILAS engaged prior го glide- 
slope capture, if the localizer signal is lost (warning flag 
appears), AILAS will automatically disengage and the 
AFCS will revert to pilot assist attitude hold. If either 
localizer or glide-slope is lost after glide-slope entry, the 
AILAS will automatically disengage and the AFCS will 
revert to pilot assist attitude hold. 


теё and rain. 


20,000 feet. Above 20,000 feet, due to the inability of the 
drag from surface ice buildups. Surface icing will reduce 
айг to contain moisture, the amount of icing is negligible. 
The mission of the airplane is so designed that most 
phases of a typical mission will be performed at altitudes 
above icing levels. The phase most susceptible to ice and 
most critical to operation. is the instrument approach. If 
icing conditions are known to. exist at instrument 
approach altitudes, the most expeditious means of recov- 


a 


2 
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ery (normally the GCI penetration to final approach with 
a straight-in ССА or ILS) should be used to minimize 
the surface ice buildup. If icing is encountered unexpect- 
edly and is allowed to build up, more thrust will be 
required to maintain desired speeds and rates of descent 
during the instrument approach. Flight under icing con- 
ditions with the engine and intake duct anti-icing systems 
inoperative could result in two forms of engine damage. 
Ісе buildup on the engine inlet guide vanes may result 
in a restricted flow of inlet air, causing loss of thrust, a 
tapid rise in exhaust gas temperature and possible com- 
pressor stall (refer to COMPRESSOR STALL, Section 
HI). The possibility of this occuring is reduced by the 
absence of inlet screens and the relatively clean, unre- 
stricted intake. However, should sufficient ice buildup 
occur to restrict airflow, the first indication will be a com- 
pressor stall. Immediate action should be taken to relieve 
the stall and change to an altitude where icing is less 
severe, The second form of engine damage could result 
from intake duct ice breaking loose and being drawn into 
the compressor section of the engine resulting in com- 
pressor section failure. Because of the possible damage 
that may result due to engine ice, the anti-icing system 
should be operating at all times when flight under icing 
conditions is anticipated. 


Section IX 


Note 
Engine operation below approximately 90% rpm 
may not supply sufficient heat to keep the 
engine compressor inlet clear of ice under severe 
icing conditions, When descending in icing con- 
ditions, power should be increased to provide 
sufficient heat. 


When instrument takeoffs or approaches are to be made 
and rain is anticipated, the windshield rain clearing sys- 
tem should be in operation to increase forward visibility 
through the left-hand windshield panel. To insure proper 
operation of the rain clearing system, it is recommended 
that the system be energized momentarily prior to flight. 
Energizing the system will blow from the ducts any water 
that may be present. If reported rain intensity is heavy 
ог less, good vision should be obtained through cleared 
area, Cleared area will be slightly smaller in heavy rain 
than in moderate rain. If very heavy rain is reported, 
some visibility will be retained but it will be substantially 
impaired. Successive flights through rain at supersonic 
speeds can cause rain erosion to occur to the radome, 
requiring a visual inspection of the radome after land- 
ing. Refer to Sections II and ГУ for procedures and oper- 
ation of anti-icing and rain clearing equipment. 


е Flight through areas of turbulent air, hailstones, 
or thunderstorms should be avoided whenever 
possible. Flight under these conditions increases 
the possibility of compressor stall! or engine 
flameout and can result in damage from hail or 
turbulence. 


• Above 40,000 feet, a rough operating condition 
or compressor stall may result if the throttle is 


turbulence and thunderstorms 


2-4 


moved rapidly, ог rpm is reduced below 85%. 
Subsequent movement of the throttle may not 
eliminate this condition. 


The most serious consequences of flight through severe 
turbulence and thunderstorms is the increased possibility 
of engine flameout. Of particular importance, is the "сгуз- 
tal ice" compressor stall. At high altitudes, ice crystals 
associated with the area around and in thunderstorms 
can cause compressor stall and probable flameout. The 
ice crystals do not settle on the intake duct but go into 
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the engine with the air. The crystals are then heated dur- 
ing the compression process, and become ingested water. 
The ingested ice crystals reduce the compressor stall 
margin and compressor stall or flameout follows, There 
are several other factors associated. with turbulence and 
thunderstorms which are also conducive (о flameout: 


е High liquid content of cumulus buildups. 
өісіпр of engine intake ducts or inlet guide vanes. 


9 Increased angles of attack caused by turbulence, 
resulting іп marginal engine performance. 


• Above 40,000 feet, the surge margin of the engine is 
reduced and there is poor air distribution across the 
face of the compressor. 


Flying in türbulence or hail may increase inlet 
distortion. Ас higher altitudes this distortion 
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can result in engine surge and possible flameout. 
However, normal engine air start may be ac- 
complished, 


If thunderstorm areas cannot be avoided, use ground 
radar (ССР) or the fire contro! system radar (search 
mode) to determine and avoid the most intense storm 
areas. Establish a safe, comfortable penetration speed of 
275 to 325 KIAS (not to exceed Mach 88) if such speed 
does not interfere with accomplishment of the mission. 
However, design limit load factors will not be exceeded 
at any speed below the design limit speed. Prior to 
weather penetration, make certain that pitot heat is on 
and that the anti-ice switch is in MANUAL ON position. 
Тһе enginé anti-ice system prevents ісе formation but is 
not fully effective unless used before ice buildup occurs. 
Exhaust gas temperature and engine pressure ratio gauges 
should be monitored continuously during penetration to 
detect possible engine malfunction. Exhaust gas tempera- 
ture indication alone may come too late to take timely 
action in preventing flameout, On airplanes having all 
points ignition capability, which permits engine ignition 
to be initiated regardless of throttle position (non after- 
burning), depress and hold the ignition button during 
the period of thunderstorm penetration. Under these cir- 
cumstances, continuous use of the ignition system is рег- 
missible for a period not to exceed 10 minutes. After 
10 minutes the ignition system must be turned off for a 
cooling period of at least 10 minutes. 


€ Continuous use of the ignition system in excess 
of 10 minutes, or consecutive continuous usages 
without a 10-minute interim cooling period may 
result іп damage (о the ignition system. which 
will render it inoperable for restarts. Energiz- 
ing the ignition system will not prevent com- 
pressor surge or stall, but it wil! aid in prevent- 
ing fameout. 


• During the period of ignition on, it is essential 
that EGT and EPR be monitored closely for 
possible increase above allowable limits. In 
event of high EGT and/or EPR, reduce thrust 
and altitude and maintain adequate airspeed for 
optimum engine inlet airflow. 


Note 
In event the ignition system is energized con- 
tinuously for a period in excess of three min- 
utes, an entry should be made on Form 781 not- 
ing the period of continuous ignition operation. 
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Night flights in this airplane do not present any special 
problems or techniques except during landing. When 
lowering the nose, it will be necessary to switch from 
landing to taxi lights to illuminate the área ahead of the 


airplane. 


“= 


night flying 


[e 


Airplanes in the rotating beacon configuration 
do not provide adequate exterior lighting to 
meet night formation requirements, 


7 3 


To insure satisfactory cold weather operation, utilize the 
normal operating procedures outlined in Section H in 
conjunction with the following additions: 


BEFORE ENTERING THE AIRPLANE 


Failute to remove snow and ice accumulated on airplanes 
while on the ground can result in serious aerodynamic 
and structural effects when flight is attempted. Depend- 
ing on the weight and distribution of the snow and ice, 
takeoff distances and climb-out performances can be 
adversely affected, This roughness, pattern, and location 
of the snow and ice can affect stall speeds and handling 
characteristics to a dangerous degree, To eliminate these 


m ше ыы. и 


hazards and insure satisfactory performance, check that 
all snow and ice is removed from the airplane surfaces. 
Assure that all protective covers are removed. 


BEFORE STARTING ENGINE 


When attempting a normal start, if start is not obtained, 
the start should be aborted and a second start initiated 
immediately. 


Note 
In order to make an immediate second start 
attempt, the airplane must be supplied with 
external ac power to resupply fuel to the starter 
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fuel flask. If no external power is available, 
refer to COMBUSTION START, SECOND 
ATTEMPT, Section УН. 


If the second start fails, the procedure may be répeated 
after the ground compressor has been recharged. 


WARMUP AND GROUND CHECKS 


Special attention should be paid to operational checks on 
all ice protection and defogging equipment. Refer to 
Section IV for anti-icing systems operation. 


In cold weather, make sure all instruments have 
warmed up sufficiently co insure normal opera- 
tion. Check for sluggish instruments during 
taxiing. 


TAXIING INSTRUCTIONS 


Increase space between airplanes while taxiing to provide 
safe stopping distance and to prevent icing of airplane 
sutfaces by melted snow and ice in the jet blast of pre- 
ceding airplanes. Taxi speed should be reduced when 
taxiing on slippery surfaces to avoid skidding. Emergency 
fuel system may be used to reduce thrust if normal idle 
causes too high a taxi speed. 


BEFORE TAKEOFF 


If other airplanes are in takeoff position, taking the run- 
way behind them should be avoided if possible. Flying 
debris in the form of ice, snow, and ice fog from other 
jet engines can considerably reduce visibility prior to 
takeoff or during takeoff roll. Brakes alone cannot be 
relied upon to prevent skidding of the airplane when 
operating on a slippery surface above approximately 85% 
rpm. It wil! be necessary to restrain the airplane by meth- 
ods other than brakes if a normal full military thrust 
check is to be made before the airplane begins the takeoff 
roll. 
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If no means of restraining the airplane is avail- 
able and the instruments are to be checked on 
the takeoff roll, do not hold the brakes while 
the engine is accelerating. It is possible to lose 


control of the airplane if опе wheel slides ahead 
of the other during engine acceleration. 


Under conditions of high relative. humidity, 
excess moisture through the air-conditioning 
system could cause fog condensation so dense 
that the instrument panel is not visible. In event 
this occurs, the cabin pressure switch should be 
placed to RAM and not returned to PRESS 
until above approximately 3000 feet, 


TAKEOFF 


During low-temperature operation, engine performance 
is considerably improved over normal temperature oper- 
ation. Because of this improved performance, takeoff roll 
will be reduced and initial climb attitude will be much 
steeper than normal, Afterburner takeoffs may produce 
an uncomfortably steep initial climb angle. 


LANDING 


Apply brakes carefully on icy runways, especially when 
some dry spots exist, to prevent skidding. Normal drag 
chute operation should be used. 


When landing in a cross wind on icy runways, 
be prepared to jettison the drag chute should a 
weather-cocking tendency develop. Refer to Sec- 
tion П. 


ы 
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lesert and hot weather procedur 


ми 


In general, desert and hot weather procedures differ from 
normal procedures mainly in that added precautions must 
be taken to protect the airplane from damage due to high 
temperature and dust. Particular care should be taken to 
prevent the entrance of sand into the various airplane 
parts and systems (engine, fuel system, pitot static sys- 
tem, etc). АП filters should be checked more frequently 
than under normal conditions. Units incorporating plastic 
or rubber parts should be protected as much as possible 
from wind-blown sand and excessive temperatures, Tires 
should be checked frequently for signs of blistering, etc. 
Takeoff and landing ground roll will be considerably 
increased in hot weather. 


BEFORE ENTERING THE AIRPLANE 


Check exposed portions of the shock strut pistons for 
dust and sand, and have them cleared if necessary. Check 
intake ducts for accumulations of dust or sand. Make 
sure crew chief has had all filters cleaned and that the 
airplane has been thoroughly inspected for fuel or 
hydraulic leaks caused by the swelling of packing or 
expanding of fittings. Inspect area behind the airplane 
to make sure sand and dust will not be blown onto per- 
sonnel or equipment during starting operations. Check 
inflation of shock struts and tires, which may have become 
over inflated from the heat. Make sure that all protective 


covers ate removed. 


ON ENTERING AIRPLANE 


Check the cockpit for excessive accumulation of dust or 
sand. Check instruments and control for moisture from 
high humidity, and ground heat them if necessary to dry 
them. Complete as much of preflight cockpit check as 
possible before operating, to avoid prolonged ground 
running. 


BEFORE TAKEOFF 


Note 
Do not attempt takeoff in a sandstorm or dust 
storm. Park airplane cross-wind, shut down the 
engine, and have crew chief install protective 
Covers. 


The air-conditioning system should be turned on before 
takeoff. If, under humid climatic conditions, fog forms in 
the cockpit, adjust the cabin temperature control toward 
HOT until the fog disappears. 


Excessive moisture condensation may occur 
through the cabin pressurization system. This 
condensation may become so dense when oper- 
ating under conditions of high dew point tem- 
perature that it may be impossible to read the 
instrument panel presentation, In the event this 
occurs place the cabin air switch to the RAM 
position, returning it to PRESS position after 
becoming airborne and above approximately 


3000 feet. 


It is imperative that takeoff be made at recom- 
mended speeds. Refer to Appendix for takeoff 
distances required at varying gross weights, 
temperatures, and field elevations, When out- 
side air temperature is high, do not lift from 
runway too soon, as more than the usual take- 
off distance will be required to obtain takeoff 
speed. 


TAKEOFF 
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DURING FLIGHT 


Note 
During operation in high humidity conditions 
(ground dew point 209C or higher), operate 
canopy defog continuously at altitude in order 
to insure fog-free canopy during descent. For 
less severe humidity conditions, canopy defog 
need not be turned on until just before descént. 


DESCENT 


Check that the windshield and canopy defog system is on 
at least four minutes before any rapid descent from alti- 
tude to prevent fogging and frosting of the windshield 
and canopy. 


Note 
Under high humidity conditions, the windshield 
defog system may not be capable of keeping the 
windshield clear of moisture. 
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APPROACH 


Maintain the recommended indicated airspeeds for 
approach and touchdown. Because of high outside air 
temperatures, the true airspeed will be higher than nor- 
mal and longer landing roll will result. 


LANDING 


Avoid heavy braking during the landing roll. Small incre- 
ments of braking with the drag chute deployed will stop 
the airplane in a reasonably short distance without exces- 
sive tire wear, Heavy braking тау cause brake grabbing 
and tire failure. 


BEFORE LEAVING AIRPLANE 


Leave the canopy open to permit air circulation in the 
cockpit unless blowing sand ог dust is expected. Have the 
crew chief instal! the protective covers from the pitot 
boom, ram air intakes, engine intake ducts, and tailpipe. 
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Index 
Abort 
to Armament 


TOS 


Title Page 
A 

Abort 3-14 

AC Power Supply System . 1-24% 


AC System 
-DC & AC Generator Failure . 
-Electrica] Power Distribution 
-Generator Failure .. 

Acceleration Limitations 

Accelerometer 

Acrobatics or Landing, Prior to . 

AFCS Automatic Attack 

Afterburner 
-Description .. 
-Emergency Shi 
-Exhaust Nozzle ... 
-Exhaust No: 
-Igniter ... 
-Limitations 

Afterburner Failure 
«Cutoff Failure 
-During Flight 
-During Takeo 
-Exhaust Nozzle During Takeo! 

-Fuel Pump Failure During Takeoff 

AILAS, Automatic Instrument 

Landin Approach System.. 
Aileron Deflection Limitations . 
Air Conditioning & Pressurizatioi 
System, Cockpit 

Airplane 
-Auxiliary Equipment 
-Description ............ 
-Dimensions 
-Drag Chute & Overrun 

Barrier Probe System ... 
-Electrica] Power Supply System 
-Engine 
-Entrance . 


Tile 


-Flight Characteristics 
-Flight Contro] System. 
-Fuet Supply System 
-Gross Weights .... 
-Hydraulic Power Supply System 
-Instruments, General 
-Landing Gear System 
-Nose Wheel Steering System 
“Ой Supply System . 
-Pitot-Static System . 
-Pnéumatic Power Supply System 
-Preflight Checks . 
-Speed Brakes Syst 
-Wheel Brake System .. 
Airplane General Аггапретеп 
Airspeed 
-Correction .. 
-Indicator, Machmeter 
-Limitations 
-Maximum Ai 
Airspeed, Correction 
Air Start, Engine 
Air Start, Engine Procedures 
All-Weather Operation 
-General .. 
-Cold Weather 
-Desert & Hot Weather 
-Ice & Rain .. 
-Night Flying -.. 
-Turbulence & Thunderstorms 
Altimeter .... D 
Altitude Correction 
(Indicated Mach) 
Altitude Correction 
Altitude Gage, Cabin Pressure 
AN/AIC-10, Interphone 
AN/APX-GA, AN/APX-25 
Identification Radar (IFF-SIF) .. 4-14 


The Symbol Є Indicates An lllustration 


wo ALG + 
А1-5 4 
44 
4-8 


Title 


AN/ARC-34, UHF Command Radio .. 
AN/ARN-12 ог -32 Marker Beacon 
Receiver . Е 
AN/ARN-18, Glide-Slope Receiver 
AN/ARN-21, Tacan 
AN/ARN:31, ILS Re 
Antenna Locations 
Anti-G Suit Provisions & 
Control Knob 
Anti-Icing System 
Anti-Icing System 
-And Defogging Windshield . 
-Emergency Operation 
-Engine Anti-Icing 
-General .. 
Асе Detector . 
-Intake Duct 
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-Windshield Апсі-Ісіпд & 


Defogging .... 
-Windshield Rain eee en 
Approaches, Instrument .......... 5 
Approaches, Radio 
Armament Bay Doors Open, 
Landing ... 
Armament Cycle. Incomplete 
Armament Equipment 
-Automatic Search Operation 
-Automatic Track; Snake Mode 
Operation ... 
-Electronic Cooling . 
-Fire Contro] System 
-Gear Limitations 
-General .. 
-Limitations 
-Manual Searc! 
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Index 
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Armament (Cont) 
-Missile Firing 
-Rocket Firing .. 

Artificial Feel System 


Artificial Feel System Inoperative .. 
ASR & PAR Pattern (Typical) . 


Attack Mode, AFCS ..... 
Attitude Indicator, MM-2 
Automati¢ Approach (AILAS) . 
Automatic Approach (AILAS) . 
Automatic Flight Control 
System Panels .. 
Automatic Flight Contro] 
System (AFCS) 
-AILAS Button 
-Attack Mode .. 
-Automatic Attack . 


-Automatic Instrument Landing 
Approach System (AILAS)..4-27, 9-3 


Genera] ... 
-Limitations 
-Norma] Operation 
-Pilot Assist Mode . 
-Pitch G Limiter . 
-Preflight .. 
-Switches (. 
Automatic-Opening Safety Belt 


Battery Start, Check 
Battery Switch .... 
Beacon Operation . 


Before Leaving Airplane, Check 


Beily Landing 2 
Bleed System, Engine Co P 
Boost Pumps, Fuel 
Brakes 
-Speed Flight Characteristics 
-Speed Limitations 
-Wheel, Description 
-Wheel, Use ... 
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Сабіп 
-Pressure Altitude Gage 
-Temperature Control Knob 

Canopy 
-Counterbalance Cylinder 
-Defog System, Operation 
-Description .......... 
-Ejection Seat Handgrips 
-Exterior Release Button . 
-Externa| Jettison Handle 
-External Release Handle 
-Ground Support Тоо! . 
-Jettison Handle 
-Hold Button . 
-Latch Handle 
-Limitations 
Seal ......... 
-Unlocked Warning Light 
-Warning Light Illuminated 

in Flight 

Center of Gravity Limitations 

Check List .. 

Circuit Breakers а Fuses 

Climb 
-After Takeoff .. 
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Page Title 
-Instrument 
-Performance Dat: 

Climb—Maximum Thrust (Clean: 

Climb—Maximum Thrust (Tanks) 

Climb—Military Thrust (Sample) . 

Climb—Military Thrust (Clean) 


Cockpit “Air Conditioning & 
Pressurization System 
-Cabin Pressure Altitude Gage ...... 4-4 
-Description .. = 
-Emergency О; 
-Norma] Operation ..... 
Cockpit Circuir Breaker Panels 
(Typical) . 


Cockpit Entrance 22% 

Cockpit Floodlights Powerstat .. 4-19 
4-36 Cockpit General Arrangement... 1-7 » 

Cockpit Pressurization Schedule 43 9 


426 Cold Weather Procedures 

-Before Entering Airplane 
-Before Starting Engine 
-Before Takeoff 


-Landing . 
426 -Takeoff ... 
-Taxiing Instructions 
1-59% -Warmup & Ground Checks 
OPE Combat Allowance Chart 
(Clean) . .A5-3, A5-8 3 


Combustion Start, Second Attempts ....7-1 
2-14 Communications & Associated 
Electronic Equipment 
Communications & Associated 
2-31 Electronic Equipment 
3-17 -General . 
-Glide-: Slope Rec 
АМ/АВМ-18 .. 
-Interphone—AN/AIC-10 
-UHF Command Radio— 
AN/ARC-M ... ELEM 
-VOR Navigation Contro] Panel 
Compass, Standby 
Compass Systems (See Directional 
Indicator-Slaved, J-2 & ]-4 
Compass Systems) 
4 Compressibility Correction to 
3 


Calibrated Airspeed 24 
Compressibility Correction to 
Calibrated Airspeed 
Compressor, Engine Bleed System . 
Compressor Stall ..... 
Computer, MB-8 Flight 
Computing Optical Sight .. 
Console Lights, Powerstat 
Content Gage, Liquid Oxygen 
Control Forces 
-Directional, During Landing Roll... 2-25 
-Lateral 6-4 


Control Stick 
Cooling, Engine 
Cooling Limitations (Ground 

Operation) 
5-8 Correction Cards, Directional 

Indicator (Slaved) .. 
Course Indicator .... 
Cross-Wind Landing 
Cross-Wind Takeoff. 
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Title 


Cruise 
Cruising 


Damper Disconnect Button, 
Emergency . 
Danger Areas .. 
DC Power Supply System 
DC System 
-AC & DC Generator Failure 
-Electrica] Power Distribution 
-Generator Failure 
-Generator Switch 
-System Check, Before Taxiing 
Defog System Operation, Canopy 
Defogging System ..... 
Density Áltitude, ICAO 
Descent 
-General 
-Instrument Procedures 
-Normal ..... 
Descents (Sample) 
Descents (Speed Br: 
Clean) . 
Descents (Speed Brakes 
Tanks) ....... 
Descents (Speed "Brakes Open) 
Desert & Hot Weather Procedures 
APP. 
efore Ente ng А: plane 
-Before Leaving Airplane 
-Before Takeoff 
-Descent ..... 
-During Flight 
-Entering Airplane 


Diluter Lever, 
Dimensions, Airplane ........ 
Directional Control During Капап 
Roll 2 
Directiona] Indicator (Slaved)—]- 2 
Compass System 
-Correction Card 
-Description ...... 
-Fast Slave Button 
-Slaving Switch 
Directiona] Indicat 
Compass System 
-Correction Сага. 
-Description ...... 
-Function Selector Switci 
-Directional Gyro Mode 
-Hemisphere Selector Screw & 
Indicator 
-Latitude Selector Switch . 
-Magnetic Slaved Mode 
-Normal Operation .... 
-Synchronizer Switch & 
Synchronization Indicator .. 
Disengage Procedure, AFCS . 


Ditching ..... . 3-21 
Dive Recovery . 6-8 
Dive Recovery Chart 


Dives ............ 
Drag Chute System 
-And Overrun Barrier Probe .. 
-Deployment Speed Limitations 


-Description 1-46 
-Handle ...... . 1-46 
Dump Valve, Fuel Pressurizing .......... 1-3 


% 


Title Page 


3-10 
3-12% 
1-57% 


Ejection 
Ejection Procedure: 
Ejection Seat (Typical) 
Ejection Seat 
-Automatic-Opening Safety Belt .... 1-59 
-Catapult Triggers 1-61 


-Description 1-56 
-Handgrips . 1-61 

( ) -Shoulder Harness Inertia Reel 
Handle 1-61 


1-61 
3-15 
. 1-25% 


-Vertical Adjustment "Switch 
Ejection vs. Forced Landing . 
| Electrical Power Control Panel 
Electrica] Power Supply System 

-AC Electrical Power Distribution. 1-21 

-AC Generator Failure . 


| * -AC Power Failure Warning Light.. 1-27 
| -АС Voltmeter & Selector Switch .. 1-25 
| -Сһеск -13, 
! -Circuit Breakers & Fuses .. 

a -DC Electrical Power Distr: 


Description ....... 
-Electrically-Operated “Equipment 
-External Power Receptacles 
-Failure .... 
-Instrument Failure . 
Electronic Cooling 
Elevator Feel-Force Reg, 
(Shelly Intelligence Unit) 
Elevon Control System ......... 
Elevon, Flight Contro! System 
Oscillations .. 
" Elevon Trim Switch 


32, 5-4 


) Emergency Entrance 
Emergency Equipment 

-Afterburner Shutoff ...... 
-Airway Valve, Survival Kit 1.52 
-Damper Disconnect Button 1-40 
-Hydraulic Power RAT Handle . 1-27 

( -Hydraulic System 1-27 
-Landing Gear Етегрепсу- 


Button 
-Landing Gear Extension Handle 
-Master Warning System .. 
Survival Kit ....... 
-Survival Kit Release Handle 
Emergency Operations 
| -Anti-Ice System .. 
-Cockpit Air Conditioning & 
Pressurization System 
-Fire Control System 
-Flight Controls 
-Landing Gear .. 
-Liquid Oxygen System .. 
Emergency Procedures 
-Afterburner Failure 
-Compressor Stall 
-Ditching 
-Ejection .. 
-Electrical Power System Failure 3-27 
| -Engine Failure (See Engine 
Failure) 
-Entrance 
-Fire ... 
-Fuel Limitations 
-Gear Lowering Procedure 
-General 
-High-Pressure Pneumatic System 
Failure 
-Hydraulic Power System Failure .. 3-29 
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-Instrument Failure . 

-Takeoff & Landing . 
Engaging Procedure, AFCS . 
Engine 

-Afterburner Failure 

-Afterburner System 

-Air Start 


ок 


-Anti-Icing >: 
-Clearing .. -12 
-Compressor Bleed System - 
-Cooling .. -10 


-Description 
-Exhaust Gas Temperature Gage 
«Fire During Start ... 
-Fire Warning System . 
-Fuel Control System .. 
-Fuel Control Takeoff Locks 
-Fuel Control Unit . 
-Fuel Flow Indicator 
-Fuel Pressurizing & 
-Fuel Pump Unit, Engine- “Driven 
-General ...... 
-Ground Operation . 
-Ignition Button .... 
-Ignition Disconnect Switch . 
-Pressure Ratio Gage 
Shutdown 


ср буш к U ко Кә лг 
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-General ...... 

-Maximum Glide 

-Оп System Failure 

-Stage Fue] Pump Failure 

During Flight .... D 

-Stage Fue] Pump Failure 

During Takeoff .. 

-Unsuccessful Air Start аваць 3-5 
Гпріпе Еіге 

-After Shutdown 

-During Starting 

-During Takeoff . 

-Electrical Fire ... 

-Excessive Exhaust Gas 

Temperatures During Start 

-In Flight .. 

-Warning Light ‘Illuminated . 
Engine Fue] Contro[ System .. 
Engine Instruments (Typical) : 
Engine Operating Flight Limit: 
Engine Operating Limits 
Engine Operations 

-Аіг Start ... 

-Anti-Icing 

-Before Starting Check 

-Cold Weather Starting 

-Cooling 

-Ground Operation 

-Hung Start 

-Limitations 

-Overspeed 


Starting .. 5 
-Starting (Scramble) -17 
-Starter and Ignition System . -8 
-Tachometer .... -6 
-Takeoff Lock Trigger . -6 
-Throttle -4 
Engine Failure 
-Air Start .. 3-5 
-Compressor Stal 3-1 
-During Flight .... 3-3 
-During Flight at Low Altitude ..... 3-4 
-During Takeoff .... 3-3 
-Fuel Control Failure . 3-25 
3-1 
3-5 
5-3 


The Symbol * Indicates An Illustration 


Index 
Ejection 
to Fire 


Title 


-Preflight, Thrust Check 
-Shutdown 
-Slow Start 
-Starting .... 
Entrance, Cockpit 
Entrance, Emergency 
Equalizer, Fue] Flow 
Equipment, Pneumatically-O: 
Escape System, “One & Zero’ 
Escape System 
Exhaust Gas Temperature Gage 
Exhaust Nozzle, Afterburner 
-Control Unit . 
-Description 
-Nozzle Failure . 
Exterior Inspection 
Exterior Lighting 
External Tanks 
-Description 
-In Flight 
-Jettison Buttoi 
-Jettison Warning Lights and 


Safety Pin 19, 5-5 
-Limitations . 54 
-Rubbing Strips ess 5-4 


Failure 
-AC Generator 
-Afterburner ... 
-Artificial Feel System . 


-Electrical Power System 
-Engine (See Engine Failure) 
-Engine Fuel Control . 
-Engine Oil System . 
-Fuel Boost Pump 
-Fuel Flow Equalizer 
-Fuel System - 
-High Pressure Pneumatic System .. 3-30 
-Hydraulic Power Supply Sem . 3-29 
Instrument . 
-One Hydraulic System .. 
-Pitch & Yaw Damper System 
-Windshield .. 
-Trim Actuators . 
Fast Slave Button, J-2 Compass 
System 
Fire 
-Electrical . 
-Engine (See Engine 
-Smoke, Fumes or Fog Elimination 3-10 
-Warning Light Hluminated 


During Start - 3-5 
Fire Control System 
-AFCS Automatic Attack .. . 4-36 
-Automatic Search Operation . 4-34 
-Automatic Track; Missile Firing... 4-35 


-Automatic Track; Rocket Firing... 4-35 
-Automatic Track, Snake Mode 


Operation ... . 4-34 
-Beacon Operation . 437 
-Electronic Cooling . 432 
-Emergency Operation . 4-38 
-Ground Map Operation .. 4-36 
-Incomplete Armament Cycle . 4-38 
-Intervalometer Reset ..... . 438 
-Manual Search and Lock-On . 4-34 


Х-3 


Index 
Fire 
ю indicators 


Title Page 


Fire Control System (Cont) 
-Misfire Warning Light 
Illuminated 
-Missile Firing, Automatic "Track 
-Normal Operation 
-Normal Shutdown 
-Operating Procedur 
-Prior to Acrobatics or Landing . 
-Rocket Firing, Automatic Track .... 
-Snake Mode Operation, Automatic 
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-Snap-Up Attack 
Fire Warning System 
Fire Warning System, Eng 
Flat Tire During Takeoff .... 
Flight 

-Computer, MB-8 ... 

-Low Altitude Engine Failure 

-Weight & Balance ....... 
Flight Characteristics 

-Description . 

-High Speed, Level 

-Inertia Coupling 

-Level Flight .. 

-Low Speed, Level Flight 

-Maneuvering Flight .. 

-Medium Speed, Level Flight 
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-With External Tanks 

Flight Contrals 
-Lateral Control Forces 
-Longitudina] Control Forces 
-Rudder Control Forces . 
-Speed Brakes 

Flight Control System 

-Actificial Feel System .. 

-Artificial Feel System Inoperat 


DAND 
AA 


-Description . 
-Emergency Operation 
-Flight Controls ........ 
-Momentary Interrupt (Manual 
Mode) Trigger 
-Oscillations 
«Pitch & Yaw pi y: 
Rudder Pedals ................. 
-Sideslip Angle Transducer 
-Takeoff Trim Button & Indicator 
Light 
-Trim Servo Switch 
-Trim System ..... 
-Yaw Damper Switch . 
Flight Report, Map & Data Case 
Forced Landing ... 
Forced Landing 
Forced Landing vs. Ejection ..... 
Forward Panel Lights Powerstat . 
Fuel Boost Pumps 
-Description ... нання 
-Failure 
-Low Fuel Level Operation 
-Pressure-Low Warning ..... 
Fuel Control, Engine 
-General 
-Takeoff Locks 
Fuel Quantity Data Table . 
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. 1-3 
. 1-20% 
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Tile 


Fuel Supply System ............. .a..-- 
Fuel System, Components 
-Externat Tanks 
-Flow Equalizer 
-Flow Indicator 
-Pressurizing & Dump Valve . 
-Quantity Gage & Gage Test 
Button . 
-Shutoff Valve: 
Fuel System Controls 
Fuel System Failure 
-Afterburner Fue! Pump, During 
Takeoff ... 
-Boost Pump 
-Engine Stage Fuel Pump, 
In Flight .... 
-Flow Equalizer 
-Fuel Contro] Failure, Е 
-Tank Pressurization Failure - 
Fue] System 
-Description - 
-Failure (See Fuel System Failure) 
-Fuel Boost Pumps (Ўсе Fuel 
Boost Pump) 
-Fuel Control (See Fuel Conirol, 
Engine) 
-Limitations, Emergency 
-Preflight Check, 
System .. 
Fuses. & Cire 


г Breakers . 


G 
Gage 
-Cabin Pressure Altitude 
-Content, Liquid Oxygen 
-Engine Pressure Ratio . 
-Exhaust Gas Temperature 
-Fuel Quantity & Gage 
Test Button .. 
-Liquid Oxygen Pressure 
-Ourside Air Temperature 
GCA Approach 
Gear Lowering 
Emergency 
Gear Up or Unlocked, Landing .. 
Generator Failure, AC and ОС. 
Glide-Slope Receiver—AN/ARN-18. 
Go-Around . 
Go-Around . 
Gross Weigh 
Ground 


-Canopy Support Tool . 2. 1-55 
-Lock Pin, Nose Wheel Steering | 

Unit 1-45 
-Maneuvering 7-5 


-Map Operation 
-Operation, Engine 
-Safety Locks, Landing Gear . 
-Safety Locks, Speed Brake . 
Ground Maneuvering Chart 
Ground Safety Locks .. 
Gyro Mode, Directional 


H 


Handgrips, Ejection Seat .............. 1-56, 1-61 
Handle 
-Canopy, Externa] Release . 
-Canopy Jettison 
-Canopy Latch . 
-Drag Chute .. 


The Symbol * Indicates An Illustration 


Tile Page 


-Emergency Release, Survival Kit 
-External Jettison, Canopy 
-Landing Gear 
-Landing Gear Emergency 
Extension ...... 
“Shoulder Harness Inertia Reel . 
Harness Release Lever, 

Survival Kit 
Heading Hold Sw 
Heavy-Weight Landing 
Hemisphere Selector Screw & 

Indicator, Directional Indicator .. 
High-Pressure Pneumatic Capability 
High-Pressure Pneumatic System ...... 
High-Pressure Pneumatic System 


-Description ...... 1-30 
-Pneumatic Capability 7-2 
-System Failure .. 3-30 
High Spéed Level Flight 
Characteristics - 6-5 
Hinge Moment Limitations . 67 8 
Hold Button, Canopy .... 1-56 
Holding, Instrument Flight . 9-3 
Hot Weather & Desert Proce 9-17 
Hung Start .. е - 2-12 
"Hyd Ой ної Warning Light 
Hluminated .................................- 3-30 
Hydraulic & Flight Control 
Systems Check .... 2-15 
Hydraulic. Power Supply System 1-28% 


Hydraulic Power Supply System 
-Description 
-Emergency . 
-Emergency Power RAT Handle 
-Failure .. - 

-Failure of Both Systems . 
-Failure of One System . 
Primary ..... 
-RAT Handle 
Secondary ... 
-System Check 


Ice & Rain Operation . 


Ice Detector ...... 
Icy Runways, Landing 
Identification Radar (IFT-SIF) . 
Identification Radar, Operation . 
ТЕЕ Control Panel 
ТЕЕ Control Panel 
Ignitor, Afterburner 
Ignition 
-And Starter System, Engine . 
-Button 
-Disconnect Switch, Engine 
ILS Approach .... 
ILS. Control Panel 
ILS Recéivers—AN/ARN-31 
-Control Panel 
-Description .. 
„Instrument Selector Panel 
-Operation of AN/ARN-31 
Indicators 
-Attitude, MM-2 .... 
-Course, VOR Receiver 
-Directiona] (Slaved), J-2 Compass 
System . 
-Flow & Pressure 


-Hemisphere Selector, 1-4 System .. 4-32 


Xe 
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Title Page 
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Indicators (Cont) 
-Landing Gear Position 
-Machineter-Airspeed 
-Radio Magnetic ... 
-Radio Magnetic (Tacan) 
-Radio Magnetic, VOR Receiver . 
sSpncheonization, J-4 System 

acan Range 
-Turn-and-Slip . 
Inertia Coupling . 
Inertia Reel Handle, 
Harness за 
In-Flight Operations, Desert Ж Нос 
Weather ........ 

Inspection, Exterior 

Instrument Failure 

Instrument Flight Р: 
-Approaches ........ 
-Automatic Approach 
-Climb ..... 
-Cruising Flight 
-Descent . 
-Description 
-GCA Approach 
-Holding .... 
-ILS Approach . 
-Instrument Approaches 
-Instrument Takeoff Н 
-Radar Recovery .. 
-Radio Approaches 
-Radio & Navigation: Equipment 2 
-Tacan ................. 

Instrument Panel. 

-Check 
-Rheostat, Flight. ‘Instrument Lights 
-Selector Panel, ILS Receiver 
-Selector Panel, Tacan .. 

Instrument Panel (Typical) 

Instrument Selector Panel .. 

Instruments 
-Accelerometer . 
-Altimeter 
Clock . 
-Description 
-Directional 
-Machmeter-Airspeed Indicator 
-ММ-2 Attitude Indicator ...... 
-Outside Air Temperature Gage . 
-Standby Compass 
-Turn-and-Slip Indicator 

Intake Duct Anti-Icing - 

Intercept Profile (Clean) 

Interior Check, Preflight 

Interior Lighting . 

Interphone, АМ/АТС-10 о Description 48 

Intervalometer Reset .. — 4-38 


4 

1-2 Compass System, Directional 
Indicator (Slaved) .... 

J-4 Compass Control Panel 
УА Compass System, Directional 
Indicator (Slaved) . 
157 Engine ............ 
Jet Penetration (OMNI) 
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Jettison 
-Button, Externa| Tanks .. we 1-19 
-Externa] Tank Warning Light М 
Safety Pin ................................ 1-19 
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1-56 
1-56 


-Handle, Canopy 
-Handle, Canopy External 


K 

Knob 
-Anti-G Suit Control . 441 
-Brightness Selector 
-Cabin Temperature Contro 


L 


Lamps, Spare 

Landing 
-After (Checks) ......... 
-After Touchdown, Cross-Wind 
-Before ... " 
-Before Touchdown, Cross-W'ind 
-Cold Weather . © 
-Cross-Wind 2-25, A7-2 
-Data Card 
-Desert & Hot 
-Directional Control During Rol 


-Distances 7-1 
-Gear ... 7-2 
-Go-Around 2-28 
-Heavy-Weight .. 2-28 
-Minimum-Run . 2-28 
-Normal .... 2-24 


-Touch-And-Go 
Landing Deceleration Chart 
Normal Landing ... 
Landing Distances—Dry— 
No Drag Chute 
Landing Distances—Dry— 
With Drag Chute 
Landing Distances (Sample— 
Dry Runway) ...... 
Landing Distances (Sample— 
Wet Runway) 
Landing Distances—Wet— 
No Drag Chute 
Landing Distances— 
With Drag Chute 
Landing Emergencies 
-And Takeoff Emergencies 
-Any One Gear Up or Unlocked . 
-Armament Bay Doors Open 
-Beily Landing . 
-Ditching 
-Emergency Entrance 
-Flat Tire Landing 
-Forced Landing 
-General .... 
-Icy Runways 
-Runway Overrun Barrier 
Engagement 
-Slippery Runways 
-Wet Runways ..... 
Landing Gear Controls . 
Landing Gear Emergency Lowering .. 3-339 
Landing Gear System 
-Description 
-Emergency Extension Handle 
-Emergency Operation 
-Emergency-Up Button 23 
-Extension Speed Limitations . 5-4 
-Ground Safety Locks 
-Landing Gear Handle . 
-One Gear Up or Unlock 
-Position Indicators ................... 
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Index 
Indicators 
to Limitations 
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Landing Gear Emergency Lowering .. 3-33 
Landing Pattern, Normal (Typical) .. 2-26* 
Lateral Control Forces .... 
Left-Hand Console Check . 
Level Flight Characteristics 
Lever 
-Emergency Toggle, Liquid Oxygen 4-21 
-Liquid Oxygen Diluter 4-19 
-Liquid Oxygen Supply 4-21 
-Survival Ки Harness Release .. 1-54 
Lighting Equipment 
-Cockpit Floodlights Powerstats .... 4-19 
-Console Lights Powerstat . 449 
-Exterior Lighting .... 4-16, 4-17 
-Flight Instrument Panel Lights 
Rheostat 
-Forward Panel Lights Powerstat . 
-Interior Lighting 
-Switches (See Switch) 
Lights 
-Contro] Panel Check ............ 
-Indicator, Takeoff Trim Button .. 
Lights, Warning 


2-6 
6-5 


4-18 
4-19 
4-18 


“АС Power Failure ... 1-27 
-Anti-Ice System ..... 4-7 
-Canopy, Illuminate 3-34 
-Canopy Unlocked . 1-56 
-DC Power Failure 1-25 
-Electronic Cooling 4-33 
-Emergency Fuel Control 1-8 
-Engine Fire & Test Switch 1-52 
-Engine Fuel Pump Failure 1-8 
-External Tank Jettison ... ,5-4 
-Fuel Boost Pressure-Low 1-20 
-Fuel Quantity Low ... 1-20 
-Fuel Tank Pressure-Low 1-21 
-"Hyd Ой Hot" Illuminated 3-30 
-Hydraulic Fluid Overheat . 1 


-Hydraulic Pressure-Low 
-Huminated, Misfire . 
-Landing Gear .... 
-Oil Pressure-Low 
-Pneumatic Pressure-Low 
Limitations 
-Acceleration 
-Afterburner 
-Aileron De i 
-Airspeed, Maximum 
Allowable .... 
-Агтатепс Equipment 
-AFCS . 
-Canopy 
-Center of Gravity 
-Cooling, Electron: 
-Cooling, Engine. 
(Ground Operation) .......... йн 
-Drag Chute Deployment Speed . 
-Elevator Intelligence Unit 
-Emergency Епеј 
-Engine ........... 
-Engine Overspeed 
-External Tanks 
-Landing Gear Extension Spee 
-Maneuvering 
-Negative G Maneuvers 
-Operational 
-Prohibited Maneuvers . 
-RAT Limit Speed 
-Rocket Firing .... 
-Roil Maneuvers .. 
-Speed Brakes 
-Spins 
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Limitations (Cont) 
-Tires .. 
-Weight 

Liquid Oxygen Contro] Panel 

Liquid Oxygen Duration Chart— 

Hours 

Liquid Oxygen System 
-Content Gage 
-Control Panel 
-Description .... 
-Diluter Lever 
-Emergency Operation . 
-Emergency Toggle Lever . 
-Mask Adapter ... 
-Normal Operation 
-Oxygen Regulator 
-Preflight Check 
-Press-to-Test Button 
-Pressure Gage & Flow Indicator 
-Supply Lever .............. 
-System Preflight Check .. 

Longitudina| Control Force: 

Low Fuel Level Operation, 

Fuel Boost Pump 
Low Pressure Pneumatic & Air 
Conditioning Systems . 
Low Speed Characteristics . 

Low Speed Level Flight 


4-19, 4-22 
4-22 
4-22 
4-21 
4-21 
4-21 
6-4 


Characteristics... pe 6-5 
M 
Mach Number Correction ........А1-1, А1-3 9 
Machmeter-Airspeed Indicator .......... 1-48% 
Magnetic Slaved Mode, 1:4 Compass 4-32 
Main Difference Table ........................ 138 
Maneuvering Limitations 
-Сепега! 5-7 
-Negative б 5-7 
-Spins 5-7 
Maneuvers 
-Flight .. 6-5 
-Ground . 7-5 
-Prohibited . 5-7 
Manual Search n 4-34 
Marker Beacon Receiver— 
АМ/АКМ-12 ог -32. 4-14 
Mask Adaptor, Oxygen 4-22 


Mask Defog & Anti-G Suit Control 
Pane] .. 
Mask, Defog. Rheostat, Pilot's 
Master Switch, Electrical .. 
Master Warning System ...................... 
Maximum Endurance Profile 
(Clean) 
Maximum Endurance Profile 
(Sample) 
Maximum Endurance Profile 
(Tanks) ..... 
Maximum Glide Distan 
Maximum (Limitations) 
-Allowable Airspeeds . 
-Glide, Engine Failure 
-Refusa] Speed 
Maximum Refusal Speed 
(Maximum Thrust) 
Maximum Refusal Speed | 
(Military Thrust) х... 
Maximum Refusal Speed 
(Sample) . 
Maximum Speed 
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MB-8 Computer 
Medium Speed Level Flight 
Characteristics ..... 
Military Thrust Takeoff 
Minimum-Run Landing 
Minimum-Run Takeoff 
Minimum Speeds .. 
Minimum Turning 
Ground Clearances ..... 
Miscellaneous Equipment 
-Anti-G Suit Control Knob. 
-Anti-G Suit Provisions .... 
-Flight Report, Map. & Data Case .. 
-General 


Page 
АВ-1, АВ-2 = 


-Shoulder Harness Stowage Strap 
are Lamps ............. 

Mis re Warning Light Ши 
Missile Firing, Automatic Track 
Mission Profile (Clean) 
Mission Profile (Sample 
Mission Profile (Tanks) .. 
Mission Profile (Tanks Dropped) 
MM-2 Attitude Indicator 
Momentary Interrupt (Manual 


Mode) Trigger .......................... 1-40 
51 i2 


N 
Nautical Miles Per Pound 
CSamplle) ..................................... А45 * 
Nautical Miles Per Thousand 
Pounds of Fuel .......................... А4-3 
Nautical Miles Per Thousand 
Pounds of Fue} ........ A4-12 thru А4-31% 


Navigation Equipment 
-)-2 Compass System Directional 
Indicator (Slaved) .. X 
-J-4 Compass System Dire 
Indicator (Slaved) 
Night Flying 
Normal Oper: 
-Anti-Ice System ... 
-Automatic Flight Control System.. 
-Cockpit Air Conditioning & 
Pressurization System 
-Fire Control System - 


-Optical Sight Computing 
Normal Procedures 
-Climb ... 
-Cruise . 
-Descent 
-Landing 
-Takeoff 
Nose Wheel Steering System 
-Description .... 
-Ground Lock Pi 
-Nose Whee! Steering Button 
Nozzle, Afterburner Exhaust .. 


о 


Oi! Supply System 
-Description 
-Failure, En; 
-Pressure-Low 

Omni, Jet Penetration ....... 

"One & Zero" Escape System 

Optical Sight .......... 23 

Optical Sight, Computing 
-Brightness Selector Knob .............. 4-39 
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Title 


-Filament Selector Switch 
-General 
-Normal Operation . 
-Optical Sight Cage Switch .. 
-Target Selector Knob ..... 
Optimum Maximum Endurance 
Profile (Clean) .. 
Optimum Maximum. Endurance 
Profile (Tanks) 
Optimum Return Pro! 
Optimum Return Profile (Sample) 
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P а Foreword Lae 


The F-102A Training Supplements have been pre- 
pared by Convair, À Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems. 
There are ten of these supplements, each covering an 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System. 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 

Airframe Armament System 
Electrical System 

Instruments 


Each supplement describes an operating system or 
major component, how and why it operates, and main- 
tenance problems that you may encounter. The entire 
major system is further simplified by describing each 
of its subsyscems separately. Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar with the functions of the major system. This 
knowledge of the airplane systems will enable you 
to use other operational, service, and maintenance 
instructions. 


Since tbe purpose of these publications is to familiar- 
ize and acquaint you with tbe airplane systems and 
components, specific values, measurements, and. toler- 
ances are not given. Any values that appear in these 
supplements аге approximate only and are used to 
emphasize more clearly a certain operation or condi- 
tion. You must refer to your 1F-102A-2-3, -2-7 and -2-8 
Technical Orders and other pertinence handbooks for 
specific values when adjusting or checking a system and 
its components. These Technical Orders are revised peri- 
odically го include the latest maintenance procedures 
and data on the equipment installed in the F-102A. 


'The F-102A Maintenance Technical Orders consist of the fellowing handbooks: 


T.O. 1F-102A-2-1 
Т.О. 1Е-102А-2-2 
T.O. 1Е-102А-2-3 
Т.О. 1F-102A-2-4 
Т.О. 1Ғ-102А-2-5 
Т.О. 1F-102A-2-6 
Т.О. 1F-102A-2-7 
Т.О. 1F-102A-2-8 
Т.О. 1Е-102А-2-9 
Т.О. 1Ғ-102А-2-10 
Т.О. 1Е-102А-2-11 
Т.О. 1F-102A-2-12 
T.O. 1F-102A-2-13 


General Airplane 


Power Plant 
Fuel Supply System 


Landing Gear 
Instruments 


Electrical Systems 


Flight Control Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 
Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-Icing Systems 


Radio-Communication and Navigation Systems 


Armament and Armament Electronics 
Wiring Data (F-102A) 


T.O. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible. The Air Force, like a manu- 
facturer of an automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The printed instructions you wil] use most fre- 
quently in maintaining the F-102A are the dash-2 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance infromation. The 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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'This supplement is arranged іп four chapters and covers the F-102A 
Hydraulic System. Chapter I introduces the F-102A Hydraulic System 
and reviews the basic principles of hydraulics. Chapter II describes the 
power section of the primary and secondary hydraulic systems. Chapter 
ПІ tells you how hydraulic power operates the elevon and rudder con- 
trols. Chapter IV explains the hydraulic operation of the landing gear, 
nose wheel steering, speed brakes, and the emergency a-c generator 


systems. Á summary concludes this supplement. 
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HYDRAULIC SYSTEM 


Chapter 1 


FUNDAMENTALS OF HYDRAULICS 


Contents 


Hydraulic Principles ........................ 
How А Hydraulic System Operates 
Components of a Hydraulic System 
Pressure Indicating and Warning Systems 


Today, we see the application of hydraulics all around 
us. Look in almost any repair shop and you see that 
the mechanic uses a hydraulic jack to lift heavy equip- 
ment. Many of you even carry a small hydraulic jack 
in the tool kit of your automobile. The portable lift 
which service station attendants use to raise your car 
for needed repairs gets its lifting force from hydraulic 
power. Dentists and barbers call on hydraulics to lift 
their chairs to convenient working heights when they 
move the hand lever on the side of the chair. Hy- 
draulics supply the power that raise and lower some 
elevators from one floor level to another. Doorstops, 
using hydraulic principles, keep your doors from 
slamming. 


Hydraulic power applications also produce the oper- 
ating power for automobile brakes, power steering, 
automatic shifting of transmissions, elevating large 
artillery weapons, and. propelling many commonly 
used machines. You might ask why our technological 
improvements have brought about this widespread 
use of hydraulic power or the increased use of hy- 
draulics to operate aircraft subsystems. 


The many common uses of hydraulic machinery have 
resulted from the fact that hydraulic systems. possess 
many favorable characteristics. То mention a few, 
they eliminate the need for a complicated system of 
gears, cams, and levers to do work—the motion is 
transmitted by hydraulic systems without the slack 
or play that accompanies the use of mechanical link- 
ages. Also, since hydraulic systems. use а liquid to do 
the work, there is comparatively little wear and tear 
inflicted upon the mechanisms. of these systems, thus 
resulting in many troublefree hours of operation. 


When properly applied, hydraulic power provides 
smooth, flexible, uniform action that does not vibrate. 
All this is possible, plus the fact that this power can 
be transmitted up, down, and around corners, with 
little or по loss in efficiency and without the use of 
complicated mechanisms. 


Hydraulic power, because of these many advantages, 
solves many of the problems of supplying power for 
operating components in airplanes. Ап airplane is 
such a large and complicated unit that it is not prac- 
tical and often not possible to operate all of the sys- 
tems with power taken directly from the engine or 
engines. Units such as the landing flaps and bomb 
bay doors may be some distance from the engine and 
to provide a gear train or mechanical linkage from 
the engine to the unit would be quite cumbersome. 
Hydraulic power is the perfect solution for problems 
such ag this, In addition to the units mentioned above, 
landing gear and brakes are often operated hydrau- 
lically, and on most of the supersonic aircraft, hydrau- 
lic systems are often provided for nose-wheel steering 
and for operation of the flight controls. 


Тһе hydraulic system used in the Е-102А is shown 
diagramatically in figure 1-1. You will note that the 
system actually consists of two separate systems, the 
primary and secondary. The primary system supplies 
power only to the flight control subsystem while the 
secondary system "supplies supplemental power to the 
flight control subsystem as well as power to all of the 
other hydraulically-operated subsystems іп the air- 
plane. 
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Figure 1-1. The F-102A Hydraulic System 
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Hydraulic pressure is supplied to these systems by two 
engine-driven, variable-displacement pumps. Аз you 
will note in the illustration, each pump supplies its 
respective system continuous hydraulic pressure. With 
the exception of the two engine-driven pumps and 
the high pressure filters, all of the components of both 
power supply systems are located in the hydraulic 
accessory compartment. This compartment is located 
on the right side of the fuselage just forward of the 
main landing gear wheel well. 


Тһе emergency hydraulic power system, shown іп yel- 
low on figure 1-1, consists primarily of a ram-air, 
turbine-driven pump which is connected to the pri- 
mary system in such a way that it substitutes for the 
primary system pump іп the event the primary sys- 
сет pump fails. The emergency system ram-air tur- 
bine unit is attached to the inboard side of the hy- 
draulic accessory compartment door. The airplane's 
high pressure pneumatic system, controlled from the 
Cockpit, supplies power to open this door and hold 
the ram-air turbine in the airstream during emergency 
flight operations. The emergency system has no hy- 
draulic or mechanical connection witli the secondary 
System. 


Тһе landing gear wheel brake system has a small, 
enclosed hydraulic system that works in conjunction 
with the high pressure pneumatic power system to 
operate the wheel brakes. This hydraulic system, how- 
ever, is completely separate from the F-102A main 
hydraulic systems and is discussed in another Training 
Supplement of this series which describes che landing 
gear system and its operation. 


This short description of the F-102A hydraulic system 
has given you a brief introduction to the system and 
made you aware of some of the system's functions 
and responsibilities. After we have reviewed some of 
the basic principles of hydraulics, we will take a 
longer, more detailed look at the Е-102А hydraulic 
system. Then, in subsequent chapters, each portion of 
the system and its components will be discussed and 
analyzed in detail. 


HYDRAULIC PRINCIPLES. 


Before beginning the familiarization tour of the 
F-102A hydraulic system, let us review some of the 
principles of hydraulics and fundamental operations 
of components that are common to all hydraulic sys- 
tems. INo matter how complex a system might be, a 
sound knowledge of basic hydraulic principles helps 
us to understand how that system operates. 


Since bulky or heavy equipment is пог desired in an 
airplane, hydraulic system equipment is always de- 
signed со be as small and as compact as possible. In 
many cases, several components of a subsystem may 
be combined into one assembly. This particular as- 
sembly may then appear complex to you. However, 
keep in mind that the basic principles of operation 
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are always the same, and that reduction in size, change 
of position, or the combination of components do not 
affect these basic principles. For this reason, emphasis 
is added to the basic principles of operation employed 
in the simplest units found in hydraulic systems. А 
complete knowledge of these fundamental. units will 
make it easy for you to understand any of the arrange- 
ments that you may encounter in various aircraft 
hydraulic systems. 


PASCAL'S LAW OF HYDRAULICS. 


Hydraulics is based upon the discoveries of Pascal, a 
seventeenth century French scientist. Pascal proved 
that pressure set up in a liquid acts equally in all 
directions, and that this pressure acts at right angles 
to the containing surfaces, This law holds true in all 
of the applications of hydraulics that we will discuss 
in this supplement. 


A good example of this law is the action of the fire- 
man's water hose shown in figure 1-2. On the truck, 
this hose is folded flat and compactly placed. But when 
the hose is connected to the fire plug and the water 
is turned on, the hose opens up into a round, snake- 
like tube—water pressure is acting on the inside of 
the hose in all directions. If, at any point in the hose, 
you were to puncture a hole the same size as the 
nozzle opening, water would rush out of the hole at 
the same force that іс flows through the nozzle end 
of the hose. 


THE SHAPE OF CONTAINER HAS NO 

EFFECT ON THE PRESSURE. 

A liquid is a fluid with many particles that have free- 
dom of movement among themselves, but lack the 
ability to separate. All liquids have a definite volume 
that takes the shape of the container which holds it. 
By definite volume, we mean that any quantity, such 
as one quart, will remain one quart whether it is put 
into a one quart container, a one-gallon container, or 
a five-gallon container. 


From Pascal's law, we derive the fact that pressure 
exerted on any part of a confined liquid is transmitted 
to all parts of the liquid, regardless of the shape of 
the container. In all cases, the pressure in a container 
of one shape is the same as the pressure in a container 
of any other shape if the two containers аге intercon- 
nected and pressurized from the same source. This 
principle is shown in figure 1-3. Each container in the 
illustration has a different shape but, since all con- 
tainers are connected, the fluid in each has the same 
pressure throughout. 


In an aircraft hydraulic system, this principle of con- 
stant pressure in different shaped containers applies 
to the fluid confined in the system tubing. The fluid 
transmits pressure from one location to another. The 
pressure is the same at either end of the tubing re- 
gardless of che number of bends, turns, or the length 
of the tubing. 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


8ТМ30177 


| WATER PRESSÜRE ЇМ HOSE- 
1... HOSE ROUND. 


о m 


WATER PRESSURE 


чанд л биир 


SECTION THROUGH HOSE 


Figure 1-2. Pressure Acts Equally in All Directions 


THE INCOMPRESSIBILITY OF LIQUIDS. 


Аз just mentioned, liquids do not have a specific 
shape and they take the form of the container that 
holds them. Iri spite of this fact, however, liquids are 
even less compressible than most solids. Compressibil- 
ity is the ability of a substance to occupy a smaller 
space, or volume, when an outside force is applied to 
this substance. Because liquids are not compressible, 
a hydraulic system has instantaneous response to the 
forces acting upon it. The liquid acts much like a 
solid steel bar—if liquid in one end of a cylinder is 
forced back by a piston, an equal amount of liquid on 
the other end is immediately displaced. 


This instant response action is one of the main ad- 
vantages of a hydraulic system. The rigidity of the 
liquid in the fluid line means that transmission of 
force between two hydraulic mechanisms is fast and 
complete. If hydraulic systems do not leak or have 
faulty operating components, their output efficiency 
is usually very high—most hydraulic systems have ef- 
ficiencies above 95 percent. 


HOW PRESSURE AFFECTS FLUID. 


The air around us exerts a downward force on the 
surface of the earth. Although we do not notice this 
atmospheric condition, it is strong enough to support 
a column of water 33 feet high. This force, 14.7 
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Figure 1-3. Shape of Container Does Not Affect Pressure 
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pounds per square inch (psi), is the standard atmos- 
pheric pressure at sea level. Figure 1-4 shows the effect 
of atmospheric pressure at sea level on water with 
respect to its effect on mercury. Note in the illustra- 
tion that atmospheric pressure raises the column of 
water 33 feet iri an evacuated tube while it raises the 
column of mercury only 29.92 inches. This 29.92 
inches of mercury is the standard barometric pressure 
ar sea level. Ас elevations above sea level, these read- 
ings change because the atmospheric pressure de- 
creases as altitude increases. 


Atmospheric pressure is the reason that we are able 
to drink soda pop with a straw. You suck the air out 
of the straw, thus creating a partial vacuum, or a low 
air pressure area, in both the straw and in your mouth. 
Тһе atmospheric pressure that is constantly bearing 
down on the soda pop at a force of 1&7 psi, conse- 
quently pushes the soda pop up into the low pressure 
area that you produced іп the straw and in the mouth. 
Immediately after the suction caused the air pressure 
in the straw to drop below 1&7 psi, the atmospheric 
pressure which is constantly bearing down on every- 
thing pushed the soda pop up through the straw and 
into the mouth in its effort to again balance the two 
pressures. 


HYDRAULIC PRESSURE. 


Тһе fact that liquids are incompressible explains why 
the force applied to one end of a tube of liquid is 
immediately transmitted to the other end. However, 
this transmission of force is not only applied to the 
other end, but in all directions. Аз you will remember 
from Pascal's Law, the pressure is equal in every direc- 
tion throughout the column—forward, backward, and 
sideways. Throughout a containing tube, the pressur- 
ization is always the same. This statement holds true 
for all tubes, cylinders, and other units that are filled 
with fluid, and acted upon by some outside force. 


Pressures of liquids are measured by dividing the ap- 
plied force by the area of liquid upon which the force 
acts, 'This is expressed in the formula: 
FORCE 
AREA. 


PRESSURE — 


Figure 1-5 shows a practical application of this for- 
mula. If five pounds of force is applied to piston Мо. 1 
and the area of the piston is two square inches, then 
the pressure delivered by cylinder No. 1 would be 
2.5 psi. However, if this same five pounds of force 
were applied to the large piston INo. 2, with an area 
of 5 square inches, the pressure delivered by cylinder 
No. 2 would be 1 psi. Álthough the force on both 
pistons is the same, the resultant pressure is less in 
the larger cylinder because the force on its piston is 
spread over a larger area. 
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Figure 1-4. Atmospheric Pressure 


Now that we have reviewed how pressure is applied 
to fluids, let us see how this pressure can be made to 
do work. In figure 1-6, piston A applies a force to the 
system. This force produces the pressurized fluid that 
moves piston B several inches in the opposite direc- 
tion and thereby causes the system to do work. The 
surface area of piston B, the actuating piston, deter- 
mines how far it is moved. The smaller the surface 
area of the actuating piston the farther it must travel 
to offset the force ої the fluid chat acts upon it. А rule 
to follow, because of Pascal's Law, is: The force act- 
ing on a piston will be directly proportional to tbe 
area of tbe piston and the distance the piston is 
moved depends directly upon the amount of liquid 
transferred. 


MECHANICAL ADVANTAGE IN A 
HYDRAULIC SYSTEM. 


The size of the pistons in a hydraulic system deter- 
mines how much work the system is able to do. Ia 
figure 1-7 the force produced at piston No. 2 is 2% 
times the force applied at piston No. 1, simply because 
piston No. 2 is 214 times larger than piston No. 1. 
The mechanical advantage of this system is therefore 
215 to 1. 


The mechanical advantage of hydraulic systems varies 
in direct proportion to the area of their actuating 
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pistons. Looking again at figure 1-7, imagine that 
piston No. 2 is twice its present size and is now 10 
Square inches. In such a case the mechanical advantage 
of the system becomes 5 to 1, but the displacement of 
piston Мо, 2 is less. However, if we were to decrease 
the size of piston No. 2 we would have. lesss mechan- 
ical advantage than before, but at the same time we 
would increase the displacement of piston No. 2. In 
each case the input force applied to piston No. 1 is 
the same, although both the output and mechanical 
advantage were varied by varying the actuating piston 
area. 


HOW A HYDRAULIC SYSTEM OPERATES. 


А simple hydraulic system consists of a reservoir that 
holds the fluid, а pump or master cylinder for produc- 
ing pressure, and an actuating cylinder which trans- 
forms the pressure into mechanical motion. Figure 
1-8 shows one of the simplest types of hydraulic sys- 
tems. Notice that a selector valve is added to the sys- 
tem to permit two-way actuation of the surface we 
want to move. 


'The hand pump is the key unit in this simple system. 
By pushing the pump handle in the direction of the 
arrows, valve À is closed while valve B is forced open 
by the fluid displaced from the cylinder of the pump. 
At the end of this pressure stroke, the pump piston 


is pulled back by the pump handle and the cylinder 
is again refilled with fluid from the reservoir. 


In this refilling cycle, valve А is opened and valve B 
is closed by its spring action. Now the pump is ready 
for another pressure stroke. Hydraulic fluid under 
pressure leaving the check valve at B is routed to the 
selector valve. With the selector valve in the UP posi- 
tion, the pressure enters one end of the actuating 
cylinder and displaces the piston. The movement of 
this displaced piston moves the attached surface in the 
desired direction. Аг the same time that the piston 
moves the surface, it also forces the fluid on the un- 
pressurized side of the piston back through the selec- 
tor valve to the reservoir. If we were to move the 
selector valve to the DOWN position, the movement 
of the piston in the actuating cylinder would be re- 
versed and the surface would move in the opposite 
direction. 


А POWERED HYDRAULIC SYSTEM. 

The need for more powerful, continuously operating 
hydraulic systems brought about the development of 
the powered hydraulic system. With the addition of 
mechanical power to the hydraulic system, automatic 
safety and control devices are needed to control the 
system pressure. These additional control units make 
powered hydraulic systems look complex, but, as рге- 
viously meritioned, the basic operation of a hydraulic 
system is always the same. 


О 


In figure 1-9, which shows а powered hydraulic sys- 
tem, an electric motor rather than a hand pump sup- 
plies power for the system. Аз you will note, the 
powered pump in this system draws hydraulic fluid 
from the reservoir into the inlet side of the pump. 
'The pump then forces the fiuid out under pressure, 
and the fluid passes through a filter which removes 
any foreign matter. The fluid must chen pass through 
several pressure and flow control devices before it 
starts the actuator to operating. 


The check valve, shown to the right of the filter, has 
no effect on fluid flowing to the actuator, but it does 
prevent any reverse flow of fluid that might damage 
the pump. The relief valve, located downstream of 
the check valve, acts as the safety valve for the system. 
During normal system operation, the fluid does not 
pass through the relief valve, but when the system 
pressure becomes higher than normal, the relief valve 
opens and allows the excess pressure to return to the 
reservoir. 


Now the fluid goes to an accumulator where any pres- 
sure surges in the system caused by the pump are 
smoothed out. Most accumulators have either a dia- 
phragm or a movable piston which is backed up by a 
compressed gas (air or nitrogen). This gas acts as a 
Shock absorber and cushions all surges іп the system 
pressure. The fluid continues past this accumulator to 
the control valve. The control valve directs the fluid 
under pressure in one of two possible directions—to 
either the open or the close side of the actuating 
Cylinder. 


When the control valve is operated, the pressure then 
goes to one side of the actuator and moves the actuator 
piston causing the piston rod to move the control 
surface. The movement of the actuator piston forces 
return fluid out the other side of the actuator, back 
through the control valve, and into the reservoir. This 
cycle of the fluid pressure from the reservoir to the 
pump, to the control valve, to the actuator, and back 
to the pump by way of the reservoir, makes the system 
operation a continuous cycle. 


Comparing this powered system with the previous 
illustration of che simple hydraulic system (figure 1-8), 
note that an emergency pump is connected in parallel 
with the powered pump and that an additional control 
valve has been added. The emergency pump supplies 
power to the system when the main pump malfunc- 
tions. The control valve permits this emergency power 
to enter the system and serves as a check valve when 
the emergency system is not in operation. The check 
valve in the main system prevents this emergency 
power from backing up to the main pump. 


CLOSED-CENTER POWERED HYDRAULIC SYSTEM. 


Closed-center hydraulic systems are continuously pres- 
surized systems—the action of the powered pump is 
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Figure 1-6. Hydravlic Pressure as a 
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continuous but fluid circulation stops during the time 
that the hydraulic components are not in operation. 


At one time, open-center hydraulic systems were also 
in wide use. This type of system was designed so that 
hydraulic fluid constantly circulated from the reser- 
voir through the pump to the selector-type control 
valves, and back to (һе reservoir at a relatively low 
pressure. The hydraulic system demands of the super- 
sonic age airplane, however, have pushed this type of 
system into obsolescence and all of the modern air- 
planes use the closed-center type of system. 


The closed-center type system shown in figure 1-9 
shows the basic actions of all closed-center types of 
hydraulic systems. Fluid pressure produced in the 
pump is made to pass through a filter unit before it 
enters the regulator. The two ball-shaped poppets in 
the regulator are forced to move downward—opening 
the left port and closing the right port. The fluid 
flows through the left port, passes the accumlator, and 
goes on through the control valve into the actuating 
cylinder. 


After looking at this system for awhile, you have no 
doubt come up with several questions. First, you 
might ask how the pressure is stopped from acting 
downward in the piston when the actuation stroke is 
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Figure 1-9. A Powered Hydraulic System 


completed. And second, how is the piston forced up 
in the opposite direction? Once the piston has reached 
its full travel, the pressure acts in all directions and 
overcomes the weakest resistance. This weakest resist- 
ance is che large piston in the regulator that is being 
held down Бу the pressure on the right ball popper. 
Since the area of this piston is much larger than that 
of the poppet, the piston is moved up, thus opening 
the right fluid port in the regulator. 


Іп this case, the fluid from the pump circulates 
through the regulator and back to the reservoir. The 
pressure output from the pump is now closed to the 
elements downstream of the regulator and fluid circu- 
lates only from the pump to the regulator, and then 
back to the reservoir. Pump operation is continuous, 
but in this closed-center type system, pressure does not 
flow continuously through the control valve as it 
would іп the ореп-сепсег type system. 


То reverse the direction of piston movement in the 
actuating cylinder, the two-way control valve must be 
rotated to change the direction of flow. As the valve 
rotates and allows pressure to the lower side of the 
piston, the top side of the valve becomes the return 
side. After the control valve has been repositioned, 
the action of the system is the same as before. 


There are two big advantages of closed-center systems. 


First, this type system responds much faster than on 
open-center type system. Also, closed-center systems 
cause less wear and tear on their components since 
they do not circulate fluid continuously. 


Тһе F-102A has a closed-center type of hydraulic 
power system incorporating a constantly operating 
pump which automatically changes its pressure output 
to offset normal operating pressure changes. The ef- 
fectiveness of this system and all other hydraulic sys- 
tems depends to a great extent on the operation of its 
fluid pressure-generating pump—most maintenance 
problems are traced back to the faulty operation of a 
pump. However, the addition of electrical and me- 
chanical devices into hydraulic power systems for con- 
trol purposes, has made systems like the two in the 
F-102A, very efficient operating systems. 


COMPONENTS OF A HYDRAULIC SYSTEM. 


As hydraulic systems are called upon to do more accu- 
rate work at higher operating pressures, these systems 
require more components to provide proper control. 
Although the closed-center and the open-center hy- 
draulic systems are entirely different in operation, they 
have almost identical components. To clarify the func- 
tions of the many сотрспепі5 in hydraulic systems, 
the components can be separated inro three subdi- 
visions—the pressure supply group, the pressure con- 
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trol group, and the pressure actuation group. The 
components in the three different categories are shown 
in figure 1-10. 


Because the closed-center hydraulic systems are used in 
most modern aircraft hydraulic systems, each com- 
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Figure 1-10. Components of a Hydraulic System 


ponent in this chapter is discussed as it would func- 
tion in a typical closéd-center system. 


PRESSURE SUPPLY GROUP. 


Тһе pressure supply group іп a hydraulic system sup- 
plies the initial force to pressurize the system. This 
part of the system usually consists of a reservoir, a 
pump, and a filter. 


Reservoirs. 


Reservoirs, like the one shown, are fluid storage tanks 
that also serve as overflow basins for return fluid 
that is forced out of actuating cylinders and bled off 
by relief valves. The reservoir supplies clean fluid to 
the main system pump and to the auxiliary hand 
pump or emergency pump. 


Figure 1-11 shows a simple hydraulic reservoir, the 
kind used in low-pressure hydraulic systems. This 
reservoir is usually located above the pumps to which 
it supplies fluid so that the force of ргауку pushes the 
fluid down to the pumps. Notice that a filler screen 
just below the filler cap prevents foreign matter from 
entering the reservoir when it is being replenished 
with fluid. Тһе air vent at the top opens the reservoir 
to atmospheric pressure which prevents a partial vac- 
uum from forming in the tank as hydraulic fluid is 
supplied to the pumps. 


On the left side of the reservoir, you will note che 
glass sight gage that indicates che fluid level in the 
tank. This gage is calibrated to indicate when the 
reservoir is full and when the fluid level has fallen to 
a point where additional fluid is required. The baffles 
in the reservoir are installed at two levels, one at the 
surface of the fluid and the other within the fluid. 
These baffles, which are small metal vanes, prevent 
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Figure 1-12. Types of Hydraulic Pumps 


the fluid from vortexing and surging. Vortexing is the 
circular motion set up in a fluid which causes a cavity 
or partial vacuum in the center much the same as that 
created in a whirlpool. 


"The two lines at the bottom of the reservoir supply 
the engine or main system pump and che hand or 
emergency pump. Notice that the opening of the 
standpipe which feeds the engine pump is located 
above the bottom of the reservoir. By having the 
standpipe in this location, the emergency system is 
always assured a supply of fluid should the main 
system develop a leak and lose ics supply of fluid. 


In many hydraulic systems, the reservoir is not located 
in such a position as to permit the gravity forced flow 
of fluid to the pump. Consequently, the reservoir is 
pressurized to. make up for the lack of gravity pres- 
sure. In this type of a reservoir, controlled air pressure 
would enter at the vent opening. This pressurization 
produces fluid pressure in the reservoir and keeps a 
positive pressure on the fluid line to the pump. 


Pumps. 


А hydraulic pump is the mechanism that produces and 
supplies hydraulic systems with fluid pressure, and is 
the key unit in any hydraulic system. The two most 
common types of modern hydraulic pumps are the 


piston-type and gear-type pumps. Although there are 
many variations of these pumps, each type functions 
upon the same general principles of operation. АП 
hydraulic pumps are either driven by an electric 
motor or are mechanically driven by the airplane 
engine. 


Of the two types of pumps, the piston type is the 
most satisfactory for high-pressure systems. À piston 
pump, like che one shown in figure 1-12, consists of a 
housing, a cylinder block, pistons and connecting 
rods, a drive shaft, and a universal drive linkage. 
Despite the complexity of chis piece of equipment, it 
produces a positive fluid displacement that is smooth 
and free of high pressure surges. 


Тһе drive shaft of the piston pump is turned either 
by the airplane engine or by an independent motor. 
'The turning of this pump shaft rotates the cylinder 
block which is attached со the shaft at abouc a 15 or 
20 degree angle. This angle plays an important part 
in the operacion of the pump. As the cylinder block 
and pistons rotate at an angle, the pistons move in and 
out of the cylinder. 


When a piston is at the top of the pump it is at the 
extreme end of its withdrawal stroke. Тћеп, as the 
cylinder and piston rotate toward the bottom of the 
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Figure 1-13. Hydraulic Filter 


pump, the piston moves into the cylinder block. In 
one complete rotation of the cylinder, the piston has 
made a complete stroke. Each stroke of each piston 
produces the fluid pressure that the pump puts out. 


Gear pumps are much simpler in operation, They pro- 
duce hydraulic pressure by the meshing of two gears 
that revolve inside a housing. Clearance between the 
two gears traps fluid and as the gears сага, they force 
the fluid from the pump outlet port, thus producing 
hydraulic pressure. 


Filters. 


Downstream from the pump where the system is 
under pressure, we need assurance that any foreign 
matter that may be in the fluid will not travel into the 
delicate mechanisms of the system. This assurance of 
clean fluid is obtained by adding a filter, similar to the 
one shown in figure 1-13. This filter removes and col- 
lects foreign matter of even the smallest size. Аз you 
can see in this illustration, fluid enters the inlet port, 
is forced through the filtering element, then leaves 
the filter through the outlet port. Тг element in hy- 
draulic filters may either be the parchment type or the 
wire wound type. 
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Parchment filtering elements are porous enough to 
permit fluid flow, but are impenetrable to solid mat- 
ter. Wire wound elements consist of very fine wire 
wound in a shape similar to the parchment filter 
shown in figure 1-13. Тһе space betweeen these wind- 
ings is so small that foreign matter is trapped on the 
outside of the filter element. The bottom section of 
the filter assembly screws into the top or head section 
зо that the filtering element can be removed easily for 
periodic cleaning. 


Between thé inlet and outlet ports of all hydraulic 
high pressure filters is a bypass relief valve. 'This relief 
valve permits the bypassing of fluid around the filter 
whenever the filter becomes clogged with foreign 
matter. When the hydraulic pressure in the filter ex- 
ceeds the normal system operating pressure due to a 
clogged filter and builds up to the pressure setting of 
the relief valve, (һе relief valve automatically opens 
and bypasses the hydraulic fluid around the filtering 
element to the outlet port. 


PRESSURE CONTROL GROUP. 


The pressure contro! group in a hydraulic system 
maintains the system at the proper pressure, directs 


-fluid flow, gages the operating hydraulic conditions, 
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Figure 1-14. Types of Accumulators 


and actuates the warning system. The devices that 
make up this group are regulators, - transmitters, 
switches, snubbers, accumulators, and many types of 
valves that have different types of control functions. 


Accumulators. 


An accumulator does just what its name implies—it 
accumulates and stores up pressurized hydraulic fluid. 
However, in the process of storing this pressure, this 
device develops large amounts of potential (stored-up) 
energy. Basically, an accumulator, of which cwo com- 
топ types exist, is a device that cushions and absorbs 
pressure surges in a hydraulic system. 


In figure 1-14 you can see the two common types of 
accumulators used in hydraulic systems. The accumu- 
lator on the left is the diaphragm type which consists 
of a flexible diaphragm that divides the accumulator 
into two separate chambers, the air chamber and the 
oil chamber. The lower chamber is equipped with an 
air valve so that it can be charged with compressed 
air. This places the hydraulic fluid in the upper or oil 
chamber under pressure. Jerky or uneven fluid pres- 
sure is absorbed by this air-cushioned diaphragm so 
that the pressure in the system is smooth and free of 
surges. 


The accumulator shown on the right of figure 1-14 is 
the piston type, and its basic operation is identica! to 
that of the diaphragm type. In this type, the floating 
piston moves up and down іп the cylinder, providing 
the same effect as the flexible diaphragm when pres- 
sures surges are encountered. The piston is sealed 
against leaks so that the fluid and air are always sep- 
arated. Тһе gage on the air pressure end of the cylin- 
der measures the operating pressure in the system, or 
the air charge in the accumulator when the hydraulic 
system is not pressurized. 


During system operation, the initial charge of com- 
pressed air put into the accumulator forces the flexible 
diaphragm upward or the piston down. When the 
system is pressurized, the pressure of the oil in the 
fluid side of the accumulator builds up higher than 
the air pressure and moves the diaphragm down or the 
piston up. This action compresses the air even more 
and adds more potential energy to the diaphragm or 
piston. During periods of peak operation, the highly 
compressed air will tend to force fluid back into the 
system. If the power pump is not running, the com- 
pressed air will supply a limited amount of fluid 
under pressure for the operation of a mechanism. 


13 


F-102A MAINTENANCE TRAINING SUPPLEMENT 
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AND INOPERATIVE UP TO 28 POUNDS PER SQUARE INCH. 
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Figure 1-15. Relief Valve 


Regulators. 


Regulators are devices that control the amount of 
pressure built up in hydraulic systems. They unload 
pressure and relieve the hydraulic pump when the 
desired pressure is reached. There are many types of 
regulators ranging from a simple pressure relief valve 
to the more accurate and complex, automatic "сисіп 
cut-out” type regulator. 


Relief Valves. 


Relief valves consist of a two or four-port housing, a 
ball- or cone-shaped seat that is held in place by a 
strong spring, and an adjusting screw. Note in the 
illustration of a relief valve (figure 1-15) that the 
spring forces the ball valve flush against the inlet line 
of the valve and thus causes the fluid to bypass che 
valve. However, when the fluid pressure exceeds the 
pressure setting of the valve, it overcomes the spring 
tension and pushes the valve seat back. This allows 
excess pressurized fluid to leave through the relief 
outlet of the valve and return to the reservoir. From 
the description of the relief valve, you can see why 
relief valves are sometimes called "safety valves." 


Restrictors. 


Restrictors are devices that reduce the rate of flow of 
hydraulic fluid in one or more directions. It is pos- 
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sible for a high-pressure system to actuate light- 
weight, slow-moving machinery by placing а restric- 
tor in the fluid line, upstream from that units actu- 
ating cylinder. Restrictors usually have small orifices 
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Figure 1-16. Restrictor Valve 
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Figure 1-17. Shutoff Valve 


or adjustable needles with а small clearance between 
а valve housing and the needle. The restrictor shown 
in figure 1-16 is of the non-adjustable type. Note that 
the opening at either end is larger than the restriction 
at the center. This small opening, or orifice, restricts 
fluid flow and thereby reduces pressure. From this 
description of a restrictor, you can understand that а 
restrictor is effective only where fluid is in motion. 


Shutoff Valves. 


Sbutoff valves are in effect hydraulic switches. This 
type of valve opens to allow pressurized fluid to flow 
or closes to prevent fluid from flowing to a mecha- 
nism. Figure 1-17 shows the forms of some of che 
various shutoff valves. Note, however, that the basic 
operation of all of the valves is che same even though 
the method of actuation differs. 


Most shut-off valves are operated by electrical power. 
The electrical power energizes a solenoid which in 
сигп relays che power to open the fluid port of the 
shutoff valve. Basically, a solenoid consists of a wind- 
ing around an iron core which magnetizes when ener- 
gized by electricity, The resultant magnetic force of 
the solenoid opens the port of the shutoff valve; 
deenergizing the solenoid and spring tension closes іс. 
Shutoff valves are usually placed between the main 


part of the hydraulic system and an emergency or 
auxiliary unit, 


Check Valves, 

А check valve in a hydraulic system allows the free 
flow of fluid in ояе direction, but prohibits any flow 
in the opposite direction. Check valves are used то 
trap pressure in. one part of a hydraulic system. There 
are several variations of the check valve, but the most 
commonly used types are the orifice check valve and 
the bypass check valve. 


Тһе device in a check valve that does the fluid check- 
ing is either a ball, a cone, or a flapper plate that is 
held on its seat by the force of a light spring. Fluid 
is allowed to flow freely in one direction through this 
valve, but a reverse flow causes the checking device 
to seat. Notice in figure 1-18 how this principle works. 
In the normal flow view the ball is unseated, allow- 
ing the fluid to flow. In che upper view, back flow is 
Checked by the action of the spring in seating the ball 
check. 


PRESSURE ACTUATION GROUP. 


The pressure actuation group in a hydraulic system 
receives the force from the pressurized fluid and 
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Figure 1-18. Check Valve 


transforms it into work output. It is in this subdivi- 
sion of hydraulic systems that the control valves, the 
actuating cylinders, and the servo (control booster 
and regulator) equipment are used. 


Control Valves. 


The purpose of control valves. is to control the direc- 
tion of fluid and to regulate the amount of fluid 
directed to an actuating mechanism. А control valve 
is similar to the selector valve mentioned earlier in 
the open-center system. Although selector valves may 
be placed in this classification, it must be understood 
that all control valves are not selector valves. A selec- 
tor valve is one that is engaged at the will of the pilot 
for the purpose of directing fluid to the desired unit. 
A control valve is usually automatically controlled, 
and may be only partially opened or closed to allow 
a regulated amount of fluid to a mechanism. 


Figure 1-19 shows a simple four-port, rotor-type 
selector valve in its three operating positions. The 
handle on this type valve is usually controlled by 
actuating linkage in the operating system. In the 
DOWN position, fluid pressure is routed from the 
pump through the valve to the down side of the actu- 
ating unít, while return pressure is routed through 
the other side of the valve back to the reservoir. When 
the actuating unit reaches the desired position, feed- 
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back mechanical linkage from (һе actuating unit 
returns the valve то the NEUTRAL position shown 
in the illustration. This shuts off fluid pressure to 
the actuating unit and stops the unit at the desired 
position. The center view shows the position of the 
valve when fluid pressure is directed to move the 
actuating unit in che UP position. 


Many other types of valves may be used as control 
valves: such as poppet valves, spool valves, and piston 
valves; but all control valves work on the same prin- 
ciple of controlling direction and amount of fluid 
pressure, 


Actuating Cylinders. 


Hydraulic actuating cylinders (commonly called hy- 
draulic jacks) function ia a hydraulic system to trans- 
form fluid pressure into mechanical movement. These 
cylinders are used in all hydraulic applications that 
require linear (fore and aft) or angular movement. 


Actuating cylinders consist basically of a cylinder 
case with inlet and outlet ports, a piston and piston 
rod, and oil seals. In figure 1-20, note how fluid pres- 
sure performs work in a simple actuating cylinder. 
Fluid pressure enters the actuating cylinder at the 
left port and forces the piston and ics rod to the right. 
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Figure 1-19. Control Valve 


As this piston moves, it displaces the fluid behind 
the piston out the right port. А reverse operation will 
take place if the fluid is made to enter through the 
right port to actuate the piston assembly toward the 
left, and thereby force return fluid out the left port. 


Тһе O-riog oil seal on the piston prevents internal 
leakage of fluid from one side of the piston to the 
other. When these seals are defective, chey allow fluid 
to leak past the piston and cause sluggish operation 
of the actuating cylinder. These actuating pistons may 
vary in construction so as to provide a mechanical 
advantage in an operating system. One variation of a 
piston assembly may have two piston rods—one on 
each side of the piston—and another might have two 
pistons operating in tandem (one after the other) in 
one cylinder. 


Тһе force of hydraulic fluid moves the actuating pis- 
ton and since the piston has a direct linkage with the 
operating mechanism through its piston rod, all 
piston movements result in work done to the mech- 
anism to which it is connected—the transfer of fluid 
pressure into mechanical motion. 


Servo Equipment. 


In this day of electronics and automatic controls, you 
have heard or seen the word servo. When we refer to 
servo equipment, we mean booster devices that oper- 
ate in conjunction with a system to improve power 
output, time response, and control regulation. The 
popular modern room temperature control unit and 
the electrical refrigeration unit in your home operates 
properly through the use of servo devices. A servo 
unir is used to start and to boost some operating 
mechanism when a change or abnormal condition 
takes place. 


Іп many cases we have control handles and pedals 
connected directly to servo booster units. When you 
move one of these controls, you start a booster device 
which supplies additional power and more accurate 
movements to improve the overall system operation. 
For example, consider a vehicle traveling at 50 miles 
per hour on a smooth level highway. The driver holds 
the accelerator down at a position that supplies the 
proper amount of gas го the carburetor to maintain 
this speed. However, the vehicle slows down when it 
goes up hills despite the fact that the accelerator 
remains in the same position. 


This drop in speed is called the error іп the power 
output of the vehicle's engine. Servos are also error 
correcting devices. Аз the vehicle began to lose speed 
near the bottom of the hill, a servo unit would have 
sensed this error and corrected for it by adding addi- 
tional power to keep the speed at 50 mph. The oppo- 
site holds true for descending the hill, where the 
servo unit would have supplied power to brake the 
speed of the vehicle down to 50 mph. 


Regulation by means of servos is used for voltage 
regulation, temperature control, and many other types 
including hydraulic fluid pressure regulation. Some 
servo mechanisms are very complex, but the example 
described above is the fundamental nature of all servo 
equipment. Later on in this supplement, you will learn 
about the servo devices in the F-102A which work 
in conjunction with the hydraulic system to improve 
the efficiency of the system. 


HYDRAULIC PLUMBING. 


Тһе plumbing in the hydraulic system consists of the 
tubing which connects the various units, the fittings 
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which connect tubing to these units, and seals 
throughout the system which insure a leak proof 
system, 


Tubing. 


Metal tubing, or lines, have the job of carrying fluid 
under pressure to the various devices and units in the 
hydraulic system. The volume and speed of flow 
required to do the work also determines how large 
any tube must be. Although many other types of 
metal are in general use, strong aluminum alloy 
metal makes excellent tubing for a light-weight, high 
pressure system. 


If tubing bends are made properly so as to not start 
turbulent flow, they will not affect the system. How- 
ever, unless it is unavoidable, never try to change 
the shape of a tube assembly—it usually starts troubles. 


Flexible Hose. 


Flexible hose for hydraulic purposes usually consists 
of steel or fabric braid covered by a synthetic rubber 
tube, with connection fittings swaged on to both ends. 
Тһе fabric-reinforced type of hose is suitable only 
for moderate hydraulic pressures while the steel-rein- 
forced hose can be used for all high pressures. 
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Figure 1-20. Actuating Cylinder 


Fittings. 


Fittings are used to connect the tubing of a hydraulic 
system to the various system units. Practically all fit- 
tings used in aircraft today are like the two AN types 
shown in figure 1-21. These fittings are designed to 
mate with the flared ends of the system tubing, and 
are made of aluminum alloy or steel. These fittings 
are colored so you can easily identify the type of 
metal—aluminum alloy fittings are blue, steel fittings 
are black. 


Тһе triple type connector shown in figure 1-21 is a 
standard AN variety that consists of three pieces; the 
fitting, the nut, and the sleeve. The sleeve on the 
connector fits directly over the tubing—one end of 
the sleeve flared at the same angle as the tubing 
flare. The nut fits over the sleeve and, when tightened, 
draws the sleeve and tubing flare tightly against the 
fittings to form a fluid-tight seal. Моге that the fitting 
is beveled at the same angle as the tubing flare. The 
sleeve on the connector supports the tubing so that 
vibration does not concentrate at the edge of the flare 
and it distributes the shearing action over a wider 
area for strength. 


Тһе standard connection in the lower portion of the 
illustration is another AN type fitting consisting of a 
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Figure 1-21. 


nut and fitting. Note that this connector has по 
sleeve. Тһе inside of the nut fits against the outside 
of the tubing flare and clamps it against the fitting. 
This nut is designed to support the tubing in the 
same manner as the sleeve described in the triple суре 
connector. 


When installing fittings, always start the nut on the 
male fitting by hand. This will prevent cross-chread- 
ing of the fittings. If the threads bind, examine the 
fittings to make sure chat the threads are clean and 
contain no imperfect threads. Always be certain that 
fittings are aligned when you connect them. Never 
force a binding fitting—additional turning will strip 
its threads. 


Seals. 


In maintaining pressure in a hydraulic system, seals 
are as vital to hydraulic fluid as hydraulic fluid is to 
the seals. Neither is complete without the other. Oil 
seals, gaskets, and packing rings are made of rela- 
tively soft materials. These materials are placed 
between the meeting surfaces of hydraulic fittings to 
insure а fluid-tight connection. Seals must be made 
of a type of material that will not affect or be affected 
by the hydraulic fluid. Another feature of a good seal 
is its ability to withstand extreme temperatures and 
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pressures without flaking or disintegrating. Neoprene, 
rubber, cork, and teflon are the most widely used 
materials for packings in high pressure hydraulic 
systems. 


Figure 1-21 shows an oil seal in a cylinder-piston 
assembly. The seal in this instance is che O-ring type 
oil seal that is used to seal the piston against leakage 
between the two sides of the piston. Seals of this суре 
are always tightly fitted so as to give a maximum 
seal during movement as well as when the piston is 
not in motion. 


When replacing any of the seals, packings, or gaskets 
in any hydraulic system, you should always be sure 
that the replacement seals are the same type as those 
which you remove. All O-ring seals, gaskets, and 
other types of seals are identified as to the type of 
system in which they should be used, and the manu- 
facturer. The coding is accomplished by a series of 
two or three dots arranged in clockwise order. The 
first dot indicates the system and che second and 
third dots indicate che manufacturer. А blue dot indi- 
cates that seals are to be used on hydraulic systems. 
If you are not already familiar with the coding mark- 
ings, you should refer to ANA. Bulletin No. 419 or 
other controlling Air Force Specifications. 
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Figure 1-22. Hydraulic System Seals 


HYDRAULIC FLUIDS. 


There are many different types of fluids which have 
been used successfully in hydraulic installations. One 
of the most common types used in the very early 
hydraulic systems was just plain water. But as hy- 
draulic systems have become more complex and are 
being designed to perform more critical operations, 
special fluids have had to be developed co insure that 
the systems function properly under many different 
operating conditions. 


Hydraulic fluid, as generally known in the aircraft 
industry today, is a light oil that has good lubricating 
qualities, relatively high viscosity, chemical inertness, 
and a low setting point. Hydraulic fluid with good 
lubricating qualities reduces the wear facror in sys- 
tems which utilize high speed pumps and other mov- 
ing components. High viscosity reduces system leak- 
age problems while the inertness factor avoids corro- 
sion and other chemical attack problems. The low 
setting point is required, of course, to eliminate freez- 
ing problems when the aircraft is operating in cold 
climates or at exceptionally high altitudes. 


Some of the types of hydraulic fluids used by the Air 
Force that meet the requirements are Specification 


MIL-O-5606, MIL-H-7644, MIL-O-6083, and MIL-L- 
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6387. These different types of hydraulic fluids are ло? 
interchangeable, however, except when specified in 
the aircraft or system technical orders. Some of the 
fluids are mineral oil base hydraulic fluid while others 
are vegetable oil base and still others are synthetic 
oil base fluids. In most cases, hydraulic fluids are dyed 
for identification purposes (red for mineral base and 
blue for vegetable base) but because more than one 
type of fluid may be dyed the same color, the only 
sure method for determining the type of fluid is by 
checking the container in which the fluid is shipped 
from the manufacturer. 


The F-102A hydraulic system is designed to use a 
mineral oil base hydraulic fluid, Specification MIL-O- 
5606. This fluid is dyed red and has an operating 
temperature of —65°F to --275%Е. Generally speaking, 
this fluid is intended for use in aircraft hydraulic 
brake systems, shock absorbers, and in flight control 
surface mechanisms. 


Ав a precautionary note, keep in mind that MIL-O- 
5606 hydraulic fluid is not interchangeable with vege- 
table Базе hydraulic fluids (blue colored). In the event 
these fluids are mixed inadvertently while servicing 
the F-102A hydraulic system, the affected system ог 
component should be flushed immediately. Pertinent 
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Figure 1-23. A Simple Indicating System 


flushing instructions should be obtained from the 
maintenance manual or the controlling military speci- 
cations. 


PRESSURE INDICATING AND 
WARNING SYSTEMS. 


Aircraft hydraulic systems require a pressure indicat- 
ing system and a pressure warning system so that the 
pilot will always know just how the system. is doing. 
Тһе pressure indicating system tells him at a glance 
just how much operating pressure he has, while 
the warning system effectively notifies him whenever 
the operating pressure falls to a dangerous level. The 
simplest type of indicating system is one which gives 
a direct reading. However, almost all hydraulic sys- 
tems today use a remote indicating system since the 
hydraulic system is too far from the cockpit. Remote 
indicating systems are also used to eliminating routing 
inflammable fluids into the cockpit area. 


HOW THE HYDRAULIC PRESSURE 
INDICATING SYSTEM OPERATES. 


Тһе simplified schematic diagram of a pressure indi- 
cating system shown on the right of figure 1-23 is 
typical of all indicating systems. This system trans- 
forms hydraulic pressure into electrical signals which 
are then registered on the gage as hydraulic pressure. 


Іп this indicating system, hydraulic pressure passes 
through a snubber and into the curved tube in che 
pressure transmitter. This curved tube, which is rig- 
idly attached at the inlet end and is free to move at 
the other end, works on the Bourdon tube principle. 


As hydraulic pressure enters the curved tube, іс tends 
to straighten out. This is caused by the surface area 
on the inside of the tube being less than the surface 
area on the outside; therefore, more pressure is applied 
to one side than the other. The tube will straighten 
out until the difference in force is balanced by rhe 
elastic resistance of the material composing the tube. 
'The free end of the tube is connected to a variable 
resistor, and as the tube is moved by changes in 
hydraulic pressure, it produces a deviation on the 
variable resistor. Such a variation in the resistance 
of an electrical circuit creates a proportional change 
in the amount of current that flows through this 
resistor. Therefore, the current in the circuit is an 
accurate representation of the hydraulic pressure. 


Тһе pressure gage, shown in figure 1-23, operates by 
remote-control electrical signals. Тће transmitter sends 
these signals to an a-c synchro device in the gage. 
This a-c synchro device has both a rotor and a stator, 
each of which is connected in parallel with similar 
units in the transmitter. The rotor can turn inside 
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the stator to offsec any induced electric current that 
develops when the coils receive power. The intensity 
of this induced current is relative to. the transmitted 
electrical signal that is sent from the Bourdon tube. 
Тһе pointer that you see on the face of the gage is 
actually attached to the rotor. The rotating motion of 
the pointer is really the same as the movement which 
the synchro rotor makes in response to the induced 
electric current. 


The irregularity of pressure in the system may some- 
times cause the Bourdon tube to vibrate and cause 
the needle on the gage to oscillate. Therefore, the 
pressure snubber mentioned above is installed at the 
pressure transmitter. This snubber has a restricted 
opening which dampens out pressure surges in the 
hydraulic system and eliminates any vibration of the 
Bourdon tube and oscillation of the gage needle. 


HOW THE WARNING SYSTEM OPERATES. 


The warning system, shown on the left side of figure 
1-23, operates continuously whenever the hydraulic 
system is pressurized and electrical power is on the 
airplane. Іг warns the pilor whenever a dangerously 
low pressure condition exists in the hydraulic system. 
In the warning system shown in this schematic dia- 
gram, the warning light remains off during normal 
pressure conditions and flashes оп and off when the 
pressure drops to a critically low-pressure range. 


System hydraulic pressure flows to the pressure switch 
and acts upon the movable piston or actuator inside 
this switching device. The spring shown behind the 
pressure switch actuator holds the actuator down until 
fluid pressure overcomes the spring tension and pushes 
the actuator up—a low amount of pressure will nor 
hold the actuator up. When hydraulic pressure is low, 
the actuator rod rests on the lower contact (shown in 
the dotted line position) and closes the electrical cir- 
cuit to the warning lighr. This allows power to flow 
through the flasher unit to the warning light and 
flash the light on and off. The pilot, seeing this flash- 
ing light, knows that a low-pressure condition exists 
in the system and immediately takes the proper cor- 
rective action. 


As pressure in the hydraulic system builds up and 
overcomes the spring tension, che actuator moves to 
the «р position shown in figure 1-23, and opens the 
circuit іп the pressure switch. With che circuit open, 
the light stops flashing and the pilot knows that the 
hydraulic system pressure is again within the normal 
operating range. 


THE F-102A HYDRAULIC SYSTEM. 


The F-102A hydraulic system is actually composed of 
three systems—two separate, completely independent 
systems and an emergency system. Each independent 
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hydraulic system is divided into a power supply sys- 
tem and one or more power distribution subsystems. 
The subsystems distribute power to move the flight 
controls, raise and lower the landing gears, open and 
close the speed brakes, steer the nose wheel, and 
drive the emergency a-c generator. 


One of the independent power supply systems sup- 
plies power to the flight control subsystem only апа 
is called the primary hydraulic system. The other 
power supply system furnishes additional power to the 
flight contro! subsystem as well as power to all the 
other hydraulically-operated subsystems in the air- 
plane. This system is known as the secondary hydrau- 
lic system. Hydraulic pressure for both systems is sup- 
plied by two engine-driven pumps. Each pump pres- 
surizes its respective independent system. 


These pumps and the other units in the two pressure 
systems and the emergency system are shown schemat- 
ically in figures 1-24 and 1-25. All the components of 
power supply systems, except the engine-driven pumps 
and the high pressure filters, are located in the hy- 
draulic accessory compartment. This compartment is 
on the right side of the fuselage just forward of the 
main landing gear wheel well. 


The emergency hydraulic power system consists pri- 
marily of che ram-air turbine-driven pump on the 
inboard side of the hydraulic accessory compartment 
door. The emergency pump is shown on the primary 
hydraulic system illustration (figure 1-24). It is driven 
by the ram air produced by the forward motion of the 
airplane when the compartment door is opened into 
the airstream. Air pressure, furnished by the high 
pressure pneumatic system, opens this door and is 
controlled from the cockpit. The hydraulic lines of the 
pump connect to the primary system at the emergency 
flow control valve so that the pump can furnish 
emergency power for the flight controls. This emer- 
gency pump assures the pilot of hydraulic pressure 
during flight го operate the rudder and elevons. 


Although the landing gear wheel brakes аге hydrau- 
lically operated and pneumatically actuated, they are 
not a part of the hydraulic system. A detailed descrip- 
tion of the brake hydraulic system is given in another 
training supplement in this series which covers the 
general airplane. 


HYDRAULIC SYSTEM OPERATION. 


Both the primary and secondary hydraulic power sys- 
tems operate in the same manner. The two main dif- 
ferences between the systems are the tie-in of che 
emergency system to the primary system, and che sub- 
systems that use the hydraulic power supplied by the 
systems. To understand how these power systems func- 
tion, follow the operation of the primary system in 
schematic (figure 1-24). By referring to the two illus- 
trations, you can see when a difference exists between 
the rwo systems. 


HYDRAULIC SYSTEM 


23 


NOIL23S замо W31SAS ОППУЧАадн АМУУ! За ягероснія 
38155384 Эпумпзма С 


3unssaud хэмзэнзҮЛГГ 


W31SAS NOA313 HY М315А5 uaaanu WALSAS NOA313 H1 


Alddns 2-5 
мала кенен) 


3unssauad СО 
WiISAS ANVONOOSS OL 


1ноп 


ЭМІМЧУМ AOT ( ) 
aunssadd @) 
13 Ё имп 
ШЕЕ ым 


K £ 
2 


HOLIMS 13155134 


3ATVA Я23Н2 


. NS 


З 


5; 


SSH 


урах 


22177 


н 
222 


T 


ie — T 


72 


б 


МЕ 


WHISAS ANVONOOSS 01 
БЕШ 


УУУУ 


c 


JAIWA TOULNOD 
AAO11 A2N3913W3 


NN 


RSSSS 


Ў чоіузіамі 
Q, QA mnsa 


WS 


SX 


Figure 1-24. Primary Hydraulic Power Supply System 
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The main hydraulic pump operates whenever the 
engine is running. It draws fluid through the supply 
line from the top of the reservoir to the inlet side of 
the pump. Regulated air pressure at the reservoir 
assists the pump in drawing fluid and also prevents 
cavitation at the pump. This pump is the variable dis- 
placement суре and supplies sufficient pressure (3000 
psi) for all subsystem operations. When pressure is not 
required by a subsystem, the pump merely delivers 
enough hydraulic pressure to keep the power system 
at 3000 psi. Any pressure in excess of 3000 psi is 
recurned to the reservoir by a bypass valve. 


Hydraulic fluid leaves the pump and enters а high 
pressure filter which removes foreign material that 
may be in the fluid. A bypass filter in the filter allows 
the pressure and fluid to continue on into the system, 
should the filter become clogged. The hydraulic fluid 
is then routed to the subsystems through a check valve, 
which prevents reverse flow of pressure. 


As you will note, in figures 1-24 and 1-25, the hydrau- 
lic fluid branches off in two directions, one toward the 
accumulator and the other toward the susbsystems. 
Hydraulic pressure is now available at the control 
valves of the operating subsystems. The operation of 
these subsystem control valves allows pressure го enter 
the subsystems and move the flight controls. 


In figure 1-25, showing the secondary power system, 
note the other subsystems that use hydraulic pressure 
to operate their components. Going back го the check 
valve next to the filter, notice that pressure is also 
routed to the accumulator and to the presssure switch 
and transmitter. The accumulator is precharged either 
with nitrogen or clean dry air to about 750 psi. The 
accumulator serves as a shock absorber to remove 
surges in pressure caused by the hydraulic pump and 
also acts as a reservoir of pressure. The relief valve, 
shown in figures 1-24 and 1-25, protects its respective 
system from excessive pressure. This relief valve opens 
and relieves pressure back to the reservoir whenever 
the pressure downstream from the main pump exceeds 
the setting of the valves. 


Тһе hydraulic pressure routed to the pressure trans- 
mitter first enters a snubber which protects the Bour- 
don tube in the transmitter. Increasing system pressure 
rends to open the Bourdon tupe arc, while decreasing 
pressure allows the arc to close. This action of the 
tube is electrically transmitted through the pressure 
selector switch to the pressure indicator page in the 
cockpit. When the switch is in the PRI (primary) 
position, the gage registers the pressure in the pri- 
mary system; with the switch in the SEC (secondary) 
position, the gage indicates secondary hydraulic sys- 
tem pressure. This gage can register the pressure of 
only one hydraulic system at a time. 


The pressure switch in either system actuates when 
the pressure in that system is low. When the pressure 
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drops to approximately 800 psi, che switch sends a 
signal through the flasher unit to the warning light 
in the cockpit. When the light flashes, the pilot checks 
for the low system by noting the pressure on the 
system gage. Nore in figures 1-24 and 1-25 that the 
pressure low-warning light is electrically connected 
to both systems, If the pressure in both systems is low, 
this light will come on steady instead of flashing. This 
warning light will go off when the pressure again 
reaches 1000 psi. 


EMERGENCY HYDRAULIC SYSTEM OPERATION. 


The emergency system (shown on figure 1-24) oper- 
ates only when the primary system pump has failed. 
When the pilot determines that the primary system 
pump is inoperative, he operates the switch, lowering 
the air turbine hydraulic pump into the slipstream. 
As mentioned earlier, the emergency hydraulic pump 
and its operating turbine are attached to the hydraulic 
compartment door. When this door is opened into the 
airstream by the pilot, the turbine rotates and drives 
the pump. The pump draws fluid from the primary 
reservoir in the same manner as the main hydraulic 


pump. 


Hydraulic pressure is routed through a flow control 
valve which regulates the flow either back to the 
reservoir or into the primary system. Hydraulic fluid 
is routed back to reservoir until the emergency pump 
has increased the flow sufficiently to open the control 
valve and allow the pressure to pass through the check 
valve and into the primary system. Actually, this pres- 
sure will not exceed about 1000 to 2600 psi, but should 
the pressure in the system become excessive, the relief 
valves shown below the emergency system check 
valve will open and relieve excess system pressure. 


In some cases the explanation of the components in 
the hydraulic systems consisted of very simple devices 
—probably unlike any such components that you may 
ever see in a modern airplane hydraulic system. How- 
ever, the main idea of operation, plus che understand- 
ing of the principles involved in each of these devices, 
makes it easy for you to understand the more efficient 
and complex devices in airplanes. 


This chapter should be of use as an excellent reference 
and refresher on the elements of hydraulics. In almost 
every instance the cause and effect of any operation 
in the system is due to some principle of hydraulics 
discussed in chis chapter. Whenever any part of the 
F-102A hydraulic system seems hazy to you, refer to 
this chapter for a quick review of the basic principles. 


The next chapter covers the F-102A hydraulic power 
supply system and the succeeding chapters go into the 
operation of the hydraulically operated subsystems. 
Upon completion of this supplement, you will find 
that the F-102A hydraulic system is quite similar to 
the simple closed-center system discussed earlier in 
this chapter. 
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SUMMARY. 


operates. їп the F-102A hydraulic system many newly 
developed devices and instruments are used. Neverthe- 
less, the hydraulic fundamentals outlined in this chap- 
ter are the basis for all their operations. Whar you 
have learned in this chapter is, therefore, your tool to 
the understanding of hydraulic systems and equipment. 


i The fundamental knowledge about hydraulic prin- 

ciples and hydraulic equipment that you have learned 
and reviewed in chis chapter is necessary to properly 
understand how and why the F-102A hydraulic system 
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Maintenance Problems of Hydraulic Power Systems 


Summary 


No device or system is any more reliable than the 
source of power that operates it. No automobile, 
regardless of its year or make, is any more reliable 
than the battery that supplies the power to get it 
started. The same is true of the generators in your 
home town electrical power system. The power source 
is always the most vital unit in any operating mecha- 
nism or system. 


Hydraulic systems are known for their dependability. 
Naturally, our first thought then is to question the 
reliability of the power source in hydraulic systems. 
A quick answer to this is—excellent. The fluid pres- 
sure generating components of hydraulic systems are 
of test-proven reliability for continuous high- and 
low-pressure operations. 


This high degree of reliability is why hydraulic sys- 
tems are called upon to actuate a number of the essen- 
tial and precision-operated subsystems in modern high 
speed aircraft. Just as in all walks of life—the more 
you are capable of doing, the more is expected of you. 
This trend of increased operating demands has led to 
rhe continuous improvement of hydraulic power sup- 
ply components. 


In the F-102A, the hydraulic power supply system has 
the all important job of operating the flight controls 


and a number of other systems. On such a high-per- 
formance airplane as the F-102A, with its critical 
mission of interception and protection, the hydraulic 
power system is definitely in the spotlight. 


In this chapter you will learn how this much used 
source of power is developed and maintained in the 
F-102A. Hydraulic maintenance personnel always like 
to know what goes on inside the components they 
must service and replace. This chapter does just that! 
Here you will see in a simple and logical manner how 
the hydraulic power in this airplane lives up to all of 
its expectations in delivering dependable and efficient 
power. 


F-102A HYDRAULIC SYSTEM. 


The F-102A hydraulic system is actually composed of 
three systems—two separate, completely independent, 
main-center systems and an emergency system. Each 
independent hydraulic system is divided into a power 
supply system and one or more power -distribution 
subsystems. The subsystems distribute power to move 
the flight controls, raise and lower the landing gears, 
open and close the speed brakes, steer the nose wheel, 
and drive the emergency a-c generator. 


One of the independent power supply systems fur- 
nishes power only to the flight control system; this 
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Figure 2-2. Hydraulic System Diagram 


system is called the primary bydraulic system. The 
other power supply system also furnishes power to 
the flight control subsystem as well as power to all 
other hydraulically operated subsystems in the air- 
plane; this system is known as the secondary hydraulic 
system. Hydraulic pressure for both systems is supplied 
hy two engine driven pumps. Each pump pressurizes 
the hydraulic fluid in its respective independent 
system. 


Тһе emergency system consists primarily of a ram-air, 
turbine-driven pump and а flow control valve. The 
hydraulic lines of this emergency system connect only 
to the primary system. No connections are made to the 
secondary system. The emergency pump furnishes 
alternate power for the flight controls in case the pri- 
mary and secondary pumps should malfunction. 


Figure 2-1 shows al! che components in the power sup- 
ply systems just as you will find them in the F-102A. 
Except for the two engine-driven pumps and the two 
high pressure filters, ай components shown on rhe 
ilfustration are located іп the hydraulic accessory com- 
partment. This compartment is on the right side of 
the fuselage just forward of the main landing gear 
wheel well. All units in this area are accessible 
through rhe ram-air turbine door which is shown іп 
the open positidn. Through this door you can service 


the reservoirs with hydraulic fluid and the accumula- 
tors with high pressure air. 


Note in figure 2-1 that most units in the primary and 
secondary systems are alike. The one main difference 
in these units is in the size of the reservoirs. The sec- 
ondary system reservoir, although identical in con- 
struction, is larger than the primary reservoir. This 
larger size in the secondary reservoir is necessary since 
it supplies fluid to a number of subsystems, while the 
primary reservoir supplies only the flight control sub- 
system. In addition, you will also see that an extra line 
taps off the top of the primary reservoir. This line 
supplies fluid co the emergency гат-аіг driven pump 
on che compartment door. 


One easy way by which you may distinguish between 
the components of these two power supply systems is 
to remember the right and left-hand location plan. As 
you look ín the hydraulic accessory compartment you 
will find the primary power system components to the 
right (forward) side of the compartment, and the sec- 
ondary power system components on the left (aft) 
side. This location plan also holds true in the engine 
accessory compartment behind the main landing gear 
wheel well. Here you will find the primary system 
pump and filter on the right and the secondary system 
pump and filter on the left. 
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Referring to figure 2-1 again, note the hydraulic lines 
that connect the various components of the power 
systems. Later in this chapter, when we discuss each 
system separately, you will learn how fluid i$ routed 
through these lines. So that you can distinguish pri- 
mary system lines from those in the secondary system, 
an identification code is established. First, to show that 
a line carries hydraulic fluid, blue and yellow striped 
tape is wrapped around the lines at various intervals. 
Secondly, the lines are stenciled with markings that 
identify the system and the direction of normal fluid 
flow in that particular line. For the identification of 
these lines and those used in other systems, you should 
refer to the F-102A Handbook of Maintenance In- 
structions, Т.О. 1F-102A-2-3. 


WHY DUAL HYDRAULIC SYSTEMS ARE USED. 


Two hydraulic systems are used on the F-102A for one 
main reason—the flight control surfaces are moved by 
full hydraulic power. Remember that the primary 
hydraulic system functions exclusively for the flight 
controls, while the secondary hydraulic system sup- 
plies power to the flight controls and other hydrau- 
lically operated systems. With two systems supplying 
power to move the flight control surfaces, positive 
actuation is always assured. 


These two hydraulic systems also offer an additional 
safety feature. For example, if there were only one 
hydraulic system in the airplane, and that system 
failed, che pilot would have no other means of oper- 
ating the flight control surfaces. As you will learn in 
Chapter Ш when we discuss the flight control hydrau- 
lic system, no direct mechanical linkage connects the 
pilot's controls with the flight control surfaces. There- 
fore, you can see that if the F-102A had only one 
hydraulic system and it failed, the pilot would not be 
able to move his controls. With a flight control system 
that operates by two hydraulic systems like that on 
the F-102A, you can visualize the importance of hav- 
ing added assurance against a complete hydraulic 
system failure. 


SUBSYSTEMS OPERATED BY HYDRAULIC POWER. 


You learned аг the beginning of this chapter that the 
hydraulic power system acts as the motivating force 
for five important subsystems in the airplane. The 
block diagram below shows these subsystems and the 
power system that supplies the hydraulic pressure for 
their actuation. In the diagram note that the primary 
power system supplies pressure only to the right and 
left elevon actuators (cylinders) and the rudder actu- 
ator. The secondary power system near the right side 
of the diagram supplies a number of systems. You will 
note that in addition to other flight control units it 
powers the same flight control units as the primary 
system. During emergency conditions with the sec- 
ondary system "out," the airplane can be controlled 
without the two bottom units (servo actuators and 
manual lockout valves) functioning. To the right of 
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the secondary power system source, you can see the 
other subsystems powered by this source. Note the 
emergency power unit next to the primary power 
source. This is che ram-air driven pump that comes 
into play when he main system pumps malfunction. 


Although these subsystems are discussed in detail in 
Chapters ЇЇ and IV, let's take a quick look at them 
before we go into the power supply systems. This will 
help you understand what happens to the hydraulic 
pressure that thé power systems produce. 


FLIGHT CONTROL SYSTEM. 


As you already know, the F-102A flight control sur- 
faces consist of a conventional rudder attached to the 
vertical stabilizer and two elevons, one on each wing 
trailing edge. These elevons serve as both elevators 
and ailerons. Hydraulic pressure from both the pri- 
mary and secondary power systems move these sur- 
faces. When the pilot moves the control stick and 
rudder pedals, mechanical linkage displaces dual con- 
trol valves—one for the rudder and one for each 
elevon. These valves in turn route hydraulic pressure 
from both power systems to the dual actuators that 
move the surfaces. 


"These dual actuators are actually two cylinders in one 
with one actuating piston rod. One end of the actu- 
ating cylinder has pressure and return chambers for 
the primary system, while the other end has pressure 
and return chambers for the secondary system. When 
the surfaces reach a position corresponding to che 
сосЕріс control, a feed-back system returns the dual 
control valves to zeural and shuts off pressure to the 
surface actuators, thus stopping surface movement. А 
complete description and schematic illustration of 
the acmating cylinders will be given in Chapter ГҮ. 


Тһе secondary system also powers other units in the 
flight control system. These units are the servo actu- 
ators in the rudder and elevon systems and the lockout 
valve in the elevon system. When the flight control 
system is in the MANUAL MODE, hydraulic pressure 
is routed to the servo actuators. Pitch and yaw damp- 
ing and turn coordination signals, which are gener- 
ated in the manual mode system, cause the servo actu- 
ators to move. The servo actuators are mechanically 
connected to the control valves discussed in the para- 
graph above, and superimpose their damping impulses 
on the movement of the control surfaces. 


When the flight control system is in the PILOT 
ASSIST MODE, secondary hydraulic pressure is routed 
to the elevon lockout valve. This lockout valve "cuts 
out".pilot initiated movement on the control valve 


and allows the pilot assist system to move the elevons. 


А complete desctiption bow the flight control system 
is electrically controlled is given in another training 
süpplement in this series which covers the F-102A 


EI 
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Flight Control System. In this hydraulics supplement, 
the discussion of the flight controls will be confined to 
the hydraulic portion of the system. Іп those cases 
where electrical control! circuits are mentioned and 
you would like additional information, refer to the 
Flight Control Training Supplemenc or the F-102A 
Handbook of Maintenance Instructions, T.O. 1F- 
102А.2-7, 


Landing Gears. 


The three landing gears and all of the landing gear 
doors are actuated by secondary hydraulic system 
power. Four selector valves direct the fluid from the 
main hydraulic system lines to the gear and door actu- 
ating cylinders. These actuating cylinders raise and 
lower the gears and open and close the gear doors. 
Each gear and door operates separately, but their 
actions are coordinated to occur in sequence. That is, 
during the raising cycle the gears retract then their 
respective doors close, while in the lowering cycle the 
doors open first then the gears extend. 


An electrical switching circuit controls the sequence 
of the gear and door movements. After the control 
handle in the cockpit is placed in the desired gear UP 
or gear DOWN position, this switching circuit takes 
over and controls the opening and closing of the 
selector valves through the use of solenoids. Restrictors 
installed in the gear and door hydraulic lines reduce 
their speed of operation and thus prevent the assem- 
blies from slamming into position. You should under- 
stand that this description of the landing gear system 
is very general in nature and pointed toward the 
hydraulic application. 


For a complete description of the landing gear system 
and its electrical control circuits, refer to Chapter VII 
of the Airplane General Training Supplement. 


Nose Wheel Steer-Damper. 


The nose wheel steering system provides the pilot 
with directional control of the airplane while on the 
ground. This system is actuated by hydraulic power 
from the secondary system. The principal component 
of this system is a hydraulic steer-damper unit which 
utilizes hydraulic power for both steering control and 
shimmy damping of the nose whee! when it is in a 
free castering position. The hydraulic steering system 
is controlled by a mechanical linkage system which 
connects the two rudder pedals and the steer-damper 
unit. А turn on the ground із made either to the right 
or left by depressing the corresponding rudder pedal. 
Тһе nose wheel steer-damper system is discussed іп 
detail later in Chapter IV. 


Speed Brakes. 


The two hydraulically-actuated speed brakes аге lo- 
cated just below the rudder. They are opened by the 
pilot to slow the airplane in the air and to deploy the 
drag chute on landing. Each speed brake is powered 


HYDRAULIC SYSTEM 


by two actuating cylinders that operate in unison 
from secondary hydraulic system pressure. These speed 
brakes, which form a part of the drag chute housing 
in the island at the base of the rudder, are selectively 
opened and closed by means of a control switch. 
Hydraulic pressure is automatical removed when 
the speed brakes are retracted, and an integtal lock 
mechanism holds the brakes in place during normal 
flight. 


Emergency А-С Generator, 


Тһе a-c emergency generator is driven by a hydraulic 
motor that is controlled by a solenoid-operated shutoff 
valve. This hydraulic motor is powered by the sec- 
ondary hydraulic system, and operates at a high speed. 
Тһе turning of this motor rotates the emergency a-c 
generator. If the main electrical power supply should 
fail, the solenoid-operated shutoff valve will automat- 
ically be energized by the emergency a-c bus switch. 
Energizing this solenoid opens the valve which per- 
mits fluid to flow ‘into the hydraulic motor which in 
turn drives the emergency generator. 


THE PRIMARY HYDRAULIC 
POWER SYSTEM. 


The primary hydraulic power system, shown in sche- 
matic form in figure 2-3, is a closed-center system. 
You learned in Chapter I that closed-center systems 
do not have hydraulic fluid in constant circulation, 
instead these systems are primed with pressure ready 
for use when demanded Бу a subsystem. That is just 
the way the primary hydraulic power system in the 
F-102A operates—it is pressurized to about 3000 psi 
whenever the engine is operating. When the flight 
contro] system 15 moved, it demands hydraulic pres- 
sure; when the controls are stationary and hydraulic 
pressure is not needed, hydraulic fluid is stationary in 
the system, except between the reservoir and pump. 
You will learn just how this system functions when 
we discuss its operation. First let's take a look at this 
power system. 


By referring to figure 2-3 and figure 2-1, you can see 
what units are included in this system. In the sche- 
matic illustration you will note an emergency pump 
and an emergency flow control valve. Although these 
two units are connected to the primary power system, 
we will discuss them under the emergency system. 
Basically, the primary hydraulic power system consists 
of a pressurized reservoir, an engine-driven main 
hydraulic pump, a high-pressure filter, an accumulator, 
check and relief valves, a pressure indicating system, 
and а low-pressure warning system. As you know, all 
these units except the main pump and filter are in the 
hydraulic accessory compartment. The pump and filter 
are in the engine accessory compartment. 


Shown at the bottom of figure 2-3 is the flight control 
subsystem that uses the primary system power. Now 
that you know the units that make up this system, we 
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will discuss how the system functions to keep a con- 
stant supply of pressure always available for the Aight 
controls. 


PRIMARY POWER SYSTEM OPERATION. 


Тһе main hydraulic pump operates whenever the 
engine is running. It draws fluid through the supply 
line from the top of the reservoir. Regulated air pres- 
sure, which is supplied by «һе IN; section (aft section) 
of the engine compressor, is pumped into the reservoir 
to assist the engine pump in drawing fluid, and 
thereby preventing cavitation (starving because of air 
mixing with the fluid) at the pump. The pump is the 
variable displacement-type and supplies subsystem. 
When pressure is пос required by the flight controls, 
the pump delivers just enough pressure to keep the 
power system at 3000 psi. Апу pressure in excess of 
3000 psi is returned to the reservoir by the pump 
bypass valve. 


Pressurized hydraulic fluid leaving the pump enters 
the high-pressure filter where any foreign material is 
removed by the filtering element. Should this filter 
element become clogged or even partially restricted 
and reduce the system pressure, a bypass valve in the 
filter assembly head will open and permit the pres- 
surized fluid to continue on into the system. From this 
filter the hydraulic fluid passes through a check valve 
which prevents reverse flow. 


Аз you can see in figure 2-3, the hydraulic system 
branches into two directions as it leaves the check 
valve—one branch goes to the accumulator and pres- 
sure indicating systems, the other branch goes to the 
flight contro! subsystem. This is actually the way the 
lines are routed in the airplane. If you refer back to 
figure 2-1 you can see this branching of che lines out- 
board of the primary system filter. Hydraulic pressure 
is now available at the control valves in the flight 
control system. Тће operation of these control valves 
allows pressure to enter the flighr control system and 
move the control surfaces. 


Going back to the check valve where the system pres- 
sure branched, note the line leading to the accumula- 
tor and to the pressure switch and transmitter. The 
accumulator is precharged on the ground with either 
nitrogen or clean, dry air to about 750 psi. It serves 
as a shock absorber to remove surges in pressure 
caused by the hydraulic pump and also acts as a res- 
ervoir of pressure. The relief valve, shown between 
the two check valves, protects the system against 
excessive pump pressure. This valve opens and relieves 
excess pressure back to the reservoir whenever the 
pressure downstream from the main pump exceeds the 
setting of the valve. 


Тһе hydraulic pressure, routed to the pressure trans- 
mitter, first enters a snubber which protects the Bour- 
don-tube in the transmitter. Increasing system pressure 
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tends to open the Bourdon-tube arc, while decreasing 
pressure allows the arc to close. This action of che tube 
is electrically transmitted through the pressure selector 
switch to the pressure indicator gage in the cockpit. 
When the switch is in the PRI position, the gage 
registers the pressure in the primary system. In the 
SEC position, the gage indicates secondary hydraulic 
system pressure. This gage can only register the pres- 
sure of one system at a time. 


Тһе pressure switch in the system actuates when the 
pressure in the system is low. When the pressure drops 
to approximately 800 psi, the switch closes and com- 
pletes a circuit through the flasher unit to the warning 
light in the cockpit. When the light flashes, the pilot 
checks for the low system by noting the pressure on 
the system gage. In figure 2-3 note that the pressure- 
low warning light is connected electrically co both 
hydraulic systems. If the pressure in both systems is 
low, this warning light will come on steady instead of 
flashing. This light will go off when the pressure in 
both systems again reaches about 1000 psi. If the pres- 
sure in only one system returns to 1000 psi, the light 
wil! then go from steady to flashing. 


EMERGENCY HYDRAULIC POWER SYSTEM. 


'The emergency hydraulic power system consists of the 
ram-air, turbine-driven pump on the inboard side of 
the hydraulic accessory compartment door, a flow con- 
trol valve, and a check valve as shown in figure 2-1. 
This pump furnishes emergency hydraulic power for 
operation of the flight controls whenever the main 
hydraulic pumps fail or the engine stops іп flight. In 
the schematic illustration (figure 2-3) you can see how 
this emergency system ties into the primary system at 
the reservoir and emergency flow control valve. 


Тһе emergency pump is driven by the ram-air pro- 
duced by the forward motion of the airplane when 
the compartment door is opened into the airstream. 
Air pressure (furnished by the high-pressure pneu- 
matic system) opens this door. Door movement is con- 
trolled from the cockpit. Thus this emergency pump 
assures the pilot of having hydraulic pressure during 
flight to operate the rudder and elevons. 


EMERGENCY HYDRAULIC SYSTEM OPERATION. 


Тһе emergency system, shown оп the primary hydrau- 
lic system schematic (figure 2-3), operates only when 
the primary system pump is not functioning as deter- 
mined by the pilot. He then operates the switch ex- 
tending the air turbine hydraulic pump into the air- 
stream. Ав mentioned in the system description, the 
emergency hydraulic pump and its operating turbine 
are attached to the hydraulic compartment door. 
When this door is opened into the airstream by the 
pilot, the turbine rotates and drives the pump. The 
pump draws fluid from the primary reservoir in the 
зате manner as the main hydraulic pump. The М, 
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compressor air which pressurizes the reservoir also 
prevents cavitation (starving because of air mixing 
with the fluid) at the emergency pump just as it does 
at the main pump. 


Hydraulic pressure is routed from the pump through 
a flow control valve which regulates the flow either 
back to the reservoir or into the primary system. 
Hydraulic fluid is routed back to the reservoir until 
the emergency pump has increased the flow sufficiently 
to open the control valve and allow the pressure to 
pass through the check valve and into the primary 
system. Actually, this will not exceed 1000 to 2600 psi, 
but should the pressure in the system become exces- 
sive, the relief valve shown below the emergency sys- 
tem check valve (figure 2-3) will open and relieve 
excess system pressure. 


THE SECONDARY HYDRAULIC 
POWER SYSTEM. 


Тһе secondary hydraulic power system is basically the 
зате as the primary system. In figure 2-4 you can see 
that this system has the same components that you 
found in the primary system. All these components, 
except the hydraulic pump and filter are in the hy- 
draulic accessory compartment. The pump and filter, 
like those in the primary system, are in the engine 
accessory compartment. As you learned earlier in this 
Chapter, this secondary system is the left-hand system 
—that is, the pump and filter are on the left side in 
the engine accessory compartment, and the remaining 
units are on the left (aft) side of the hydraulic acces- 
зогу compartment. 


In the secondary system, note the absence of an emer- 
gency system. This is one of the main differences 
between the two power systems. Since the flight con- 
trol surfaces can be moved by pressure from either 
main system, emergency power 15 needed in only one 
of these systems. The other main differences are in 
the subsystems operated by the secondary system. 


Where the primary system furnished power only to 
the essential units (actuators) in the flight control 
system, the secondary system furnishes power to the 
same units plus the servo actuators and the elevon 
lockout valve in the flight control systems. It also 
supplies power to the landing gear, the speed brakes, 
and the emergency a-c alternator. 


SECONDARY POWER SYSTEM OPERATION. 


Тһе secondary power system operates in exactly the 
same manner as the primary. "Therefore, if you know 
how one system operates, you also know how the 
other operates. Trace the operation of the secondary 
system in figure 2-4 from the reservoir through the 
pump to the operating subsystems; then follow the 
system through to the accumulator, the pressure trans- 
mitter, and the pressure switch. By doing this you 
will not only see how the two power systems are 
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alike, but you will become thoroughly familiar with 
their operation. Note the electrical connections to 
the primary system at the pressure indicator and at 
the pressure low warning light. 


You will recall in the primary system operation we 
said that the indicator registered pressure for both 
systems, and that the warning light flashed for low 
pressure in eicher system and burned steady for low 
pressure in both systems. In no case throughout the 
power systems or their subsystems does the hydraulic 
fluid їп one system mix with the fluid in the other. 
This is true, however, only when the subsystems аге 
functioning normally. It is possible for the fluid in 
one system to leak into the other if you should have 
а defective seal in one of the control surface actuating 
Cylinders. You will learn about this possible leakage 
malfunction when we discuss the flight control hy- 
draulic system in Chapter III. 


HYDRAULIC POWER 
SYSTEM COMPONENTS. 


So far in this chapter you have learned what the 
hydraulic power systems are like and how they oper- 
ate. You also learned the functions that each of the 
components ín these systems perform, Now you will 
learn just how the pumps, reservoirs, filters, accumu- 
lators, relief valves, and flow control valve operate to 
perform these functions. Just as anything else mechan- 
ical, these components will require maintenance from 
time to time. So when we discuss these units, we will 
also bring up some of the maintenance problems you 
may encounter and what you can do to remedy the 
condition, 


MAIN HYDRAULIC PUMPS. 


The F-102A has two main hydraulic pumps—one for 
each hydraulic power supply system. These pumps, 
which are identical except for position of mounting 
and connection of lines, are mounted on and driven 
by the engine accessory gear case. The primary system 
pump is on the forward right side of the gear case; 
the secondary system pump is on the forward left side. 
Both pumps are accessible chrough the engine acces- 
sory compartment doors. 


Figures 2-5 and 2-6 show these pumps installed on 
the engine. The primary pump is shown installed 
and lines connected, while the secondary pump is 
Shown exploded from its mounting and lines discon- 
nected. This will help you to see just how these 
pumps are installed. 


In the illustration showing the primary system pump 
(figure 2-5) you can see its location on the engine. 
Just below the location view is the detail showing the 
pump installed. Here you can see how the four hy- 
draulic lines connect to the pump. In the suction line 
note the large fitting next to the pump. This is a 
quick-disconnect fitting which you will use when con- 
necting the hydraulic test stand to the airplane. 
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Figure 2-5. Primary Hydraulic System Pump 


Although not shown, another quick-disconnect fitting 
is in the pressure line forward of the pump. You will 
learn more about these fittings later in the chapter 
when we discuss the hydraulic test stand. 


The suction line supplies fluid from the reservoir to 
the pump. Тһе pressure line coutes the fluid from the 
pump to the high pressure filter. Just below the suc- 
tion line is «һе rezzrz line which routes excess pres- 
sure ас (Не pump back to the reservoir. Note the case 
drain line at the bottom of the: pump. This is the line 
that drains overboard any fluid that leaks past the 
pump shaft seal. Now note the position of the pump 
—the forward slanted face is down. This is the way 
the pump is installed on the right (primary) side. 


In figure 2-6, note how the secondary pump is in- 
stalled. Note that the forward slanted face is up in 
this installation. Actually, the secondary pump is ro- 
tated 180° from that of the primary pump installation. 
All the line connections, except the case drain, are 
also reversed. The case drain in this mounting is now 
on the outside. (The mounting face of the pump has 
four case drains, but only one is used. The other three 
drains are plugged. This permits the pump to be 
installed on several airplanes and the most convenient 
drain opening can be used.) 
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How Pumps Produce Pressure. 


The two main hydraulic pumps operate in somewhat 
the same manner in which the heart supplies blood to 
the body. As you know, when your body relaxes the 
heart pumps blood at a slow but sufficient output. 
However, if you run fast, work hard, or expend a lot 
of energy your heart beats faster in order to pump 
more blood as required by the body. The variable-dis- 
placement type hydraulic pumps іп the F-102A орег- 
ate on very much the same basic idea. The more 
pressure the subsystems require, the more pressure 
the pumps produce. 


Internally the pumps consist primarily of a cylinder 
block with nine pistons, a yoke assembly, and a con- 
trol piston assembly. The cutaway illustration (figure 
2-7) shows the major units within the pump. Note 
how the yoke holds the cylinder block in place and 
how it is connected to the control piston: You can 
also see one of the pistons and some of the nine piston 
rods. These piston rods are connected to a rotating 
shaft mechanism which is turned by the spline shaft 
at the mounting end of the pump. When this spline 
Shaft turns, it also rotates the attached piston rods 
and the universal connection which turns the cylin- 
der block. When the yoke and cylinder blocks are at 
some angle other than 0^, such as the 30° angle shown 
in the illustration, the pistons will move up and down 
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Figure 2-6. Secondary Hydraulic System Pump 


within the cylinder block as they rotate—in other 
words, they make an effective stroke. 


As the cylinder block rotates it picks up incoming 
(suction) fluid through the slots in the top of each 
cylinder. Then as this cylinder block continues its 
rotation, the pistons move up in their respective cylin- 
ders and pressurize the fluid. This pressurized fluid is 
forced out the pressure side of the pump and into the 
system. Part of this pressurized fluid is also routed 
to the control piston assembly shown at the bottom 
of the pump. The amount of pressure on this control 
piston assembly determines the angle of the yoke 
assembly through the connecting linkage. The net 
result of this pump operation is a smooth flow of 
pressurized fluid that keeps the system at a constant 
pressure. 


How Pump Output Is Controlled. 


You have learned that the main hydraulic pumps 
vary their output according to the amount of pres- 
sure demanded by the subsystems, and that they 
always maintain 3000 psi of pressure whether or not 
demanded by the subsystems. This is variable-displace- 
ment, and is governed by the angular position of the 
yoke and cylinder block. When the cylinder block is 
at its maximum angle, the stroke of the nine pistons 
is che longest; this results in maximum pump output. 


When the cylinder block is at its minimum angle, 
the stroke of the pistons is the shortest; this results 
in minimum pump output. The angular position of 
the cylinder block is controlled by the hydraulic 
pressure on the control piston assembly. 


Figure 2-8 shows an operational cutaway of the pump 
with the cylinder block at its two extreme positions. 
Note in the upper view that the cylinder block is at 
its 0° position, and in the bottom view this cylinder 
block is at the 30° position. As you already know, 
part of the pump output pressure is routed to the 
contro! piston assembly. The hydraulic pressure that 
enters the contro! piston assembly is always the same 
as that in the system. 


In both views of the illustration you can see the 
linkage that connects the control piston to the yoke 
assembly. In the upper view note that the 3000 psi 
system pressure (pump output) enters the control 
cylinder and pushes the piston back against the spring 
tension. With the piston completely back, the link- 
age positions the yoke near the 0° angle. At 3050 psi, 
the control piston positions the yoke at the 0° angle. 


As you can see when the yoke and its cylinder block 
are at 0°, the piston rods are parallel to the axis of the 
spline shaft. Thus rotation of the spline will not cause 
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Figure 2-7. Main Hydravlic Pump Operational Cutaway 


the pistons to move in and out of the cylinder block. 
However, if the angle is increased slightly (as ac 3000 
psi output), the piston rods, will be at a slight angle 
to the spline shaft axis. The pistons will have an 
extremely short stroke resulting in just enough pump 
output to maintain system pressure when not de- 
manded by a subsystem. * а x 


In the lower view pressure has decreased, caused by 
the pressure demand of subsystems. The spring ten- 
sion is greater now than the pümp output, or system 
pressure, and pushes the control piston to che left. 
This results in the yoke and cylinder being moved up 
toward the 30" angle. Тһе angle between the piston 
rods and the spline shaft axis is greatest at 30°; thus 
the piston stroke is the longest, and the pump dis- 
placement is at its maximum output. 


Тһе angle of the cylinder block, and thus the stroke 
or displacement of the pistons, constantly varies from 
the 0° to the 30° angle depending on the system pres- 
sure requirements. This is why the pump is called 
the variable displacement type. 


Maintenance. 


'The maintenance that you can perform in the hy- 
draulic pumps is actually very little. About all you 
can do in line maintenance із change the pump if it 
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becomes defective. The pump requires no lubrication, 
since it is self-lubricated by the hydraulic fluid it 
pressurizes, The most maintenance you will have to 
perform will be on pump leaks. Two types of leaks 
may be encountered. One is the external суре leak in 
which the fluid drips from the pump or its connec- 
tions, and the other is the type leak in which the 
pump draws in air. 


Тһе first type of leak, if it is not too much, will not 
affect the system operation materially except to deplete 
the system supply in the reservoir. The greatest prob- 
leri from this type of leak is fire, This hydraulic fluid 
will burn if exposed to a spark or an excessive amount 
of heat. 


Тһе second type of leak can give you much more 
trouble. Às you know, air drawn into the system will 
cause the actuation of a subsystem to be spongy, jerky, 
or slow. Air in che system will be easily detected by 
the subsystem operation by checking the bleed indi- 
cator on the system reservoir, by low system pres- 
sure, and by the oscillating needle on the pressure 
gage. Air in the system will also cause a noise at the 
pump due to cavitation (starving because of air mix- 
ing with the fluid). This noise will also exist in the 
system lines—much like water pipes in your home 
when they "hammer" due to air in the water. 
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Figure 2-8. Main Hydraulic Pump Cutaway 
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Figure 2-9. Emergency Hydraulic Pump and Ram Air Driven Turbine 


However, due to the noise of the jet engine you 
probably will not hear the cavitation of the pump or 
hammering of the lines. Instead, you must rely on 
the other methods to determine if air is in the pump 
ог in the system. If all line fittings berween the reser- 
voir and the pump are satisfactory, then you can 
suspect the pump of causing the trouble. However, 
before you change the pump, be sure all fittings аг 
the pump are satisfactory. Remember, you can very 
seldom tell where an internal leak exists by visual 
observation. 


If any leaks, eicher external or internal, exist in the 
pump itself, then replace the pump. Other than 
replacing the mounting gasket, never attempt to take 
the pump apart to stop a leak. There's a trick to put- 
ting the nine pistons in their cylinders and this 
should be left for overhaul maintenance. 
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Although shearing of the pump shaft is rare, you 
may encounter this malfunction occasionally. This 
trouble would be indicated by a complete loss of 


system pressure. Again you would replace the pump 
if this malfunction occurred. 


When changing a pump, fill the pump housing with 
hydraulic fluid to prevent cavitation when the pump 
first starts up. Remember, both air and dirt are harm- 
ful to the operation of hydraulic pumps, and every 
effort should be made to keep the system free of these 
two damaging elements. 


EMERGENCY HYDRAULIC PUMP. 


Тһе emergency hydraulic pump is a constant displace- 
ment, piston-type pump—its displacement is constant 
and does not vary as in the main hydraulic pumps. 
The pump is attached to, and driven by, the ram-air 
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Figure 2-10. Primary and Secondary Hydraulic System Reservoir 


turbine when the assembly is extended into the air- 
stream, This pump supplies emergency hydraulic pres- 
Sure to the primary power system when the pump in 
the primary system fails. The emergency pump pro- 
duces hydraulic pressure in flight to control the rud- 
der and elevons. Figure 2-9 shows the emergency 
pump and turbine in the deployed or operating posi- 
tion. 


Моге how these two units are attached to the hydraulic 
compartment door. The support fitting holds the tur- 
bine and pump assembly and attaches to the fuselage 
hinge bracket. The small adjustable rod below the 
assembly positions the turbine correctly so it will not 
hit other units in the compartment when the door is 
closed. Аг the rear of the turbine you can see the 
pump and its two hydraulic lines. The suction line 
connects to the primary reservoir; the pressure line 
connects to the primary system through the flow con- 
trol valve. The actuating cylinder push rod shown is 
part of the pneumatically operated cylinder that opens 
the door into the airstream. This actuating cylinder 
is controlled from the cockpit. 


How the Emergency Pump Produces Pressure. 


Тһе rotation of the ram-air driven turbine turns a 
geared shaft that connects to the rotor of the pump. 
This rotor turns the cylinder block in the pump іп 


the same manner as the main hydraulic pump. This 
rotation causes the nine pistons to move up and down 
and produce the hydraulic pressure, Since this pump 
is the fixed displacement type, its cylinder block and 
piston angle is pre-set to allow maximum output at all 
times. This means that the strokes of the pistons do 
not vary as they do in the main pumps, but continu- 
ally operate at maximum displacement. 


Effect of Airspeed on 
Turbine and Pump Operation. 


The turbine that drives the emergency pump consists 
of ten variable pitch blades and a governor ‘assembly 
which is attached to the turbine main shaft. The 
governor assembly is a centrifugally-operated device 
composed of flyweights, torsion bars, and a gear train 


‘which connects the flyweights to the turbine blades. 


This governor assembly allows for changes in air- 
speed by changing the pitch of the теп blades. When 
the ram-air turbine is extended into the airstream, the 
velocity of the airstream rotates the turbine and main 
shaft. Since the hydraulic pump is connected to the 
main shaft, rotation of the turbine drives che pump 
to produce emergency hydraulic pressure. 


Ап increase іп airspeed causes an increase in the rota- 
tional speed of the turbine with a resultant increase 
in the centrifugal force acting оп the flyweights in 
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the speed governor. Àn outward radial movement of 
the flyweights results and this movement is transmitted 
to the turbine blades. Outward radial movement of the 
flyweights rotates the turbine blades to decrease their 
angle of attack to the airstream. The blade angle of 
attack decreases until a reduced turbine speed is 
reached. 


Decreased velocity of the airstream results in a de- 
crease in the rotational speed of the turbine. The fly- 
weights in the speed governor then rotate the turbine 
blades to increase their angle of attack to the air- 
stream, resulting in an increase in turbine speed. 


Although the ram-air turbine has a speed governor 
which maintains its rotation at a near constant speed, 
the emergency pump output will vary slightly with 
Changes in speed. Fluid pressurized by the emergency 
pump first passes through an emergency flow control 
valve before it enters the primary system. This valve 
is set so that а minimum of 6.3 gallons-per-minute 
(gpm) is delivered into the primary system at a mini- 
mum indicated airspeed of 125 knots. 


Immediately upon deployment into the airstream the 
pump begins to operate, but the flow control valve by- 
passes its fluid output back to the reservoir until the 
pump develops a minimum flow of 63 gpm. This 
protects the turbine unit and allows the pump time 
to build up its operating pressure to a minimum of 
300 psi. With an increase in airspeed the pressure 
output of the pump increases. The following chart 
shows the approximate pressure produced by the 
pump at various airspeeds. 


INDICATED AIRSPEED 
125 knots 
140 knots 


PUMP PRESSURE OUTPUT 
1000 psi 
71450 psi 
2500 psi 
2600 psi 


190 knots 
220 knots 


Maintenance. 


Тһе maintenance оп the emergency pump is the same 
as that given on the main hydraulic pumps. If the 
turbine becomes defective or malfunctions, you should 
replace the unit just as you would with a malfunc- 
tioning pump. Malfunctioning of the turbine would 
be caused by the speed governor not adjusting the 
pump speed for changes in airspeed. There is no pro- 
vision for governor adjustment. Damaged turbine 
blades would also cause the unit to malfunction so 
always exercise extreme caution when performing 
maintenance on the turbine. 


PRESSURIZED HYDRAULIC RESERVOIRS. 


Each of the primary and secondary hydraulic systems 
has a pressurized fluid reservoir located in the hydraulic 
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accessory compartment. In figure 2-10 you can see 
that the two reservoirs are basically identical, The 
reservoir on the left is the secondary system reservoir 
and has a slightly larger fluid capacity than the pri- 
mary reservoir (shown on the right). However, other 
than size and the emergency system suction line fit- 
ting on the primary reservoir, there is practically no 
difference in the two reservoirs. These two reservoirs 
are arranged in the hydraulic accessory compartment 
just as they appear in figure 2-10. Both are accessible 
for serviciag through the hydraulic accessory com- 
partment door. 


We are aware that the reservoirs are storage places 
for the hydraulic fluid not at work in the system. 
However, in high-pressure, closed-center hydraulic 
systems like those in the F-102A, the reservoirs must 
perform several other important tasks. The reservoirs 
must filter the system fluid and aid the hydraulic 
pumps in drawing fluid through the suction line so 
as to prevent cavitation at the pumps. To accomplish 
these requirements properly, both reservoirs are pro- 
vided with filters and are pressurized with air. 


In the Е-102А this air pressure is supplied by the М, 
compressor section of the engine and is regulated to 
about 50 psi by the two regulators shown between the 
reservoirs. This pressurization applies a forward pres- 
sure head to the fluid leaving the reservoir through 
the suction line to the pump. With this pressure 
applied on the fluid in the reservoir, the pump oper- 
ates more efficiently and cavitation is less likely to 
occur. 


Referring again to figure 2-10, note the filler cap on 
the top of each reservoir. This is the filler used for 
servicing the reservoir with hydraulic fluid. A small 
hole drilled through the internal portion of the filler 
cap permits the pressurized air in the reservoir to 
escape when the filler cap is unscrewed approximately 
one complete turn. Therefore, when the filler cap is 
unscrewed just slightly, the hole becomes a safety 
device which protects against a sudden release of high 
pressure air. Inside the filler opening is a screen that 
prevents any foreign matter from entering the reser- 
voir during servicing. This screen is accessible for 
cleaning through the filler opening. 


Тһе bleed indicator оп top of the reservoir is a trans- 
parent plastic disc which has the word BLEED 
stamped on it. Normally you cannot read this word 
when the hydraulic fluid in the reservoir is free of air. 
However, if the fluid in the reservoir collects air and 
bubbles form, then you will be able to read the 
BLEED indication as you look down at the small 
plastic disc. Therefore, whenever you can read the 
lettering on the indicator disc, the reservoir needs 
bleeding. To bleed the reservoir of air, unscrew the 
bleed fitting adjacent to the bleed indicator on top of 
the reservoir cover. 


The reservoir drain and system return lines are shown 
on the bottom of each reservoir. The drain line from 
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the bottom of the primary system reservoir goes to а 
capped drain fitting on the aft bulkhead in the center 
armament bay. The drain line from the secondary 
system reservoir goes to a capped drain fitting on 
the forward bulkhead in the right main wheel well. 
It is through the suction lines on the top of each 
reservoir that the fluid leaves the reservoirs and flows 
to the respective pumps. 


Тһе primary reservoir on the right also has a suction 
line to the emergency hydraulic system, but the sec- 
ondary reservoir on the left does not. This is because 
the secondary system is not connnected to the emer- 
gency system. Other than this emergency system suc- 
tion line on the primary reservoir and the size of the 
two reservoirs, there is no difference between the pri- 
mary reservoir and the secondary reservoir. 


Note the sight gage on the side of each reservoir. 
Although not shown in figure 2-10, two lines labeled 
FULL and REFILL are inscribed as reference lines for 
servicing the reservoir with fluid. When the fluid Jevel 
drops to the REFILL line, you must service the tanks 
with hydraulic fluid until the level again reaches the 
line marked FULL. 


"Тһе cover of the secondary hydraulic system reservoir 
is shown separated from the reservoir. The cover on 
both reservoirs can be removed in the same manner. 
Тһе latch assembly at the left edge of the cover locks 
the cover to the reservoir. This latch assembly is com- 
posed of a movable latch and wing nut. The latch fits 
into the small recess at the top of the reservoir inner 
circumference, opposite the air inlet supply Нае fitting. 


When installing the cover, the cover is aligned with 
the reservoir, then given approximately 1⁄4 turn to 
engage the cover in reservoir. The latch then seats 
in the reservoir recess and is secured by the wing 
stop nut. Removal of the cover is the reverse of the 
installation. O-ring seals berween the cover and the 
reservoir seal the reservoir air pressure in and keep 
foreign matter out. 


А. large circular low pressure filter element fits down 
into the reservoir where it completely fills the inner 
chamber of the reservoir. The cylindrical pipelike 
Object you see in the center of the opened reservoir 
on the left is the standpipe. The low pressure filter 
unit fits around this standpipe. The standpipe is а 
permanent part of the reservoir. The cwo reservoirs 
use identical filter elements despite the fact that the 
secondary system reservoir is slightly larger. 


How Reservoirs Аге Pressurized. 


Bleed air from the М, area of the engine is routed 
through air lines into the top of the reservoirs where 
it maintains pressure on the hydraulic fluid. The air 
from the М; engine area first passes through air pres- 
sure regulators regulating devices which control the 
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pressure in the reservoirs. (See figure 2-10.) Since the 
pressure of the bleed air from the engine varies in 
both extremes, you can readily see the need for a 
regulator to control the air pressure entering the 
reservoir. 


Тһе two regulators are shown between the reservoirs 
in figure 2-10. Each reservoir has its Озуп air pressure 
regulator; the regulators are connected to their respec- 
tive reservoirs by an air inlet supply line. The regu- 
lators are pre-adjusted to maintain 50 +5 psig of air 
inside the reservoirs. These regulators are the common 
diaphragm type regulators and are provided with 
adjustable screws for variable settings. It is rare that 
an air regulator will get out of adjustment but should 
such a case occur, the adjustments must be made with 
a bench test set-up. Whenever a regulator malfunc- 
tions, the operation of the hydraulic pump in the 
respective system will be affected. So, if the malfunc- 
tioning persists, remove the regulator and replace with 
a new or serviceable unit. Before removing one of 
these low-pressure regulators the engine must be shut 
down and the air pressure bled from the reservoir. 


Fluid Flow Through The Reservoirs. 


'The reservoirs have inner and outer chambers which 
permit pressurization of the reservoir without che 
danger of air entering the hydraulic system. The entire 
inner chamber of the reservoir (figure 2-11) is a low- 
pressure fluid filter while the outer chamber contains 
the bulk of the hydraulic fluid as well as the pres- 
surized air. Pressurized fluid passes from the outer 
Chamber and enters the inner chamber at the bottom 
of the tank through a full length standpipe. 


А close look at the schematic view of the reservoir 
shows that this standpipe has two separate fluid pas- 
sages—one inside the other. The outer tube of the 
standpipe routes fluid from the outer chamber to the 
filter area in the inner chamber of the reservoir. 
Тһе inner tube routes the fluid from the inner cham- 
ber to the pump. The standpipe has the same char- 
acteristics as a waterfall; the fluid flows in through the 
outer tube, overflows the top of the standpipe and 
into the filter, Fluid flows out of the reservoir through 
the inner tube feed line of the standpipe. Any foreign 
material in the fluid is trapped and retained in the 
inner chamber filtering element. 


In the lower half of figure 2-11 you can see the flow 
pattern of the standpipe. The fluid from the outer 
chamber enters the standpipe at (1) then flows up and 
around the inner tube (2 and 3) and overflows at (4). 
By comparing this standpipe schematic wich the 
Schematic of the reservoir you see that point (5) is 
actually not in the standpipe, but in the filter area 
of the reservoir. This means that only filtered fluid 
which has overflowed at point (4) and circulated 
through area (5) can reach the outlets at (6). "Through 
these outlets the fluid enters the inner tube (7) and 
flows out of the reservoir to the pump, and on 
through the system for usage. 
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Figure 2-11. Hydraulic Reservoir Cutaway 


HIGH-PRESSURE FILTERS. 


Two high-pressure filters collect any foreign matter 
that may be in the fluid after it leaves the main engine 
pumps. The action of these filters protect the many 
delicate mechanisms that are a part of the hydraulic 
system. These two filters are installed in the hydraulic 
system downstream from the main engine pumps and 
upstream of the system accumulators. The primary 
system filter unit is accessible through the right engine 
accessory compartment door, while the secondary sys- 
tem filter is accessible through the left engine acces- 
sory compartment door. 


Figure 2-12 shows thé components of a filter unit on 
the left and two schematics of the flow path through 
the filter on the right. Note that the all-metal filter 
housing acts as the container for the filter element. 
This filtering element is made of a specially treated 
parchment-type cellulose paper. This paper is so 
made that solid impurities greater than. 20 microns 
(about 0.000394 inch in diameter) are unable to pass 
through it. The filter housing screws into the filter 
head and is hermetically sealed by the two seals. 
The filter head contains both an inlet and an outlet 
port marked IN and OUT on the filter head casing. 


High-pressure hydraulic fluid enters the inlet port of 
the filter head and leaves through the outlet port. 
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Тһе two fluid ports are marked along with a direc- 
tional arrow to avoid the mistake of installing the 
filter unit backwards in the system. The filter will noc 
operate properly when installed backwards, and could 
possibly cause severe damage to the system, If the 
filter is installed backwards the emergency bypass 
will not be able to function if the filter should become 
clogged. 


In the schematic showing the normal flow, fluid enters 
through the filtering element from the outside to the 
center, and then out the outlet port on the left. The 
spring-loaded bypass valve in the filter head is held 
in the closed position because the free flowing fluid 
has no back pressure. 


Тһе high-pressure filter has an integral relief valve 
within the head of the casing. This pre-adjusted valve, 
shown in the two schematics, (figure 2-12) opens апа 
allows fluid to bypass the filtering element when the 
element becomes clogged. 'The fluid is bypassed when 
the difference in pressure between the filter inlet port 
and outlet port exceeds 50 psi; this avoids a fluid 
stoppage to the remainder of the system. In the right- 
hand view of the illustration, you can see the bypass 
flow in operation. 


Here a clogged filter is stopping or restricting normal 
flow through the filtering element to the outlet port. 
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Figure 2-12. High Pressure Filter 


The pressure backs up until it overcomes the spring- 
loaded bypass valve thus forcing the valve to open and 
allow fluid to bypass. The fluid which bypasses 
through the filter to the outlet is not filtered but 
instead permits che system to continue its operation. 


How The Filter Element Is Replaced. 


Before attempting to remove a filtering element from 
the housing of a high-pressure filter, be sure that 
all hydraulic system pressure is released. After remov- 
ing the safery wire that secures the filter housing to 
the head, the housing can be unscrewed for access to 
the element as shown in figure 2-12. After the filter 
element is removed, the housing should be cleaned 
with a dry cleaning solvent as specified in your F-102A 
Handbook of Maintenance Instructions, 1F-102A-2-3. 


Since the filter element cannot be cleaned, you must 
install a new element. New seals are also necessary 
when replacing the filter housing. When installing the 
element and housing in the filter head always check 
to insure that the seals remain in their retainer. Be 
sure to replace che safety lockwire on the filter head; 
then with full system pressure, check for leaks то 
determine that your installation is satisfactory. 


ACCUMULATORS. 


Because of the use of two piston-type accumulators, 
the F-102A hydraulic systems have a very quick 
response to fluid pressure demands by the subsystems. 
Figure 2-13 shows the installation of these accumu- 
lators as they appear in the hydraulic accessory com- 
partment. There is an accumulator for each hydraulic 
system, and each accumulator operates independently 
of the other. The line at the top of each accumulator 
connects that accumulator with its respective hydraulic 
system—the left accumulator to the secondary system 
and the right accumulator to the primary system. The 
lines at the bottom of the accumulaors connect to 
their respective pressure gages and air charging valves 
(see figure 2-1). 


The pressure gages are pneumatic instruments that 
measure pressure from 750 to 3000 psi. The gages are 
mounted on a bracket with the charging valves and 
are readily accessible from the ground for checking 
accumulator pressure. The charging valves positioned 
behind the gages make it convenient for you to 
charge and check the accumulators in one position. 
The 750 psi indication shows when the engine hy- 
draulic pumps are operating. Whenever you charge or 
discharge the accumulators you must follow the spe- 
cial instructions in your F-102A Handbook of Main- 
tenance Instructions, T. О. 1F-102A-2-3. Pushing on 
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Figure 2-13. F-102A Hydraulic Accumulators 


the valve core or loosening the valve assembly in its 
boss (fitting) must INEVER be done to discharge air. 
Follow your Maintenance Handbook instructions, 


Accumulator Operation, 


Тһе operational schematic (figure 2-14) shows a typ- 
іса] accumulator of the Е-102А, The lower portion of 
the accumulator is the nitrogen or air chamber, while 
the upper portion is the fluid chamber. A sealed bur 
movable piston divides the gas and fluid chambers. 
When the hydraulic system pressure is at 0 psi, the 
750 psi air precharge pushes the floating piston 
against the top of the accumulator. However, when 
the hydraulic pump is operating, fluid pressure pushes 
the piston down. Since air is compressible and fluid 
is not, the piston will move down until the pressure 
of the air in the nitrogen chamber equals that in the 
fluid chamber. When the system demands pressure, 
it takes it from the fluid chamber. This causes the 
higher pressure in the nitrogen chamber to push the 
piston up. Thus you can see that any pressure changes, 
such as pump surging or sudden system demands, are 
absorbed in the accumulator. The accumulator there- 
fore serves as a shock absorber and a source of reserve 
pressure. ` 
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HYDRAULIC PRESSURE-RELIEF VALVE. 


A high-pressure-relief valve is installed downstream 
of each accumulator. These hydraulic pressure-relief 
valves are the conventional, spring-loaded type that 
operate in the same manner as the relief valve described 
in Chapter І. It is often called a safety valve since it 
has no function in the system except to protect the 
system against excessive pressure. The valve begins 
to crack open when system pressure reaches 3250 psi, 
and continues opening until it is fully open at 3700 
psi. All excess pressure is released from the system by 
this relief valve and is routed back to the reservoir 
through the system return lines. When normal pres- 
sure is again restored, the valve closes and thereafter 
it has no function until another over-pressure condi- 
tion occurs in the system. 


'The pressure-relief valve has an adjustment screw 
which is used to vary the cracking pressure in the 
valve. The hazards of having an improperly adjusted 
relief valve make it important chat only valves which 
have been previously adjusted on a bench test setup 
should be used. Do пог attempt to change the setting 
of a relief valve in the airplane. When you detect а 
relief valve that opens at either too low or (до high а 
pressure, replace it with a new valve that checks out 
satisfactorily on a hydraulic test stand. 
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FLOW CONTROL VALVE. 


А flow control valve, which operates as a variable 
pressure relief valve, is installed in the pressure line 
between the emergency ram-air driven hydraulic pump 
and the primary system (as shown in the system in- 
stallation at the beginning of this chapter). The valve 
has no action that makes it a “low-pressure” relief 
valve. Pressure from the emergency pump that is 
below a certain pre-set minimum is relieved by the 
valve and routed back to the primary reservoir. The 
reason for this valve arrangement is to protect the 
pump from overloads and the dangers of excessively 
high starting torque. 


NOTE 


Torque is the force required to twist or turn 
an object around an axis, Ву that we see that 
the starting torque of a rotating pump is the 
force required to actually get the pump rotat- 
ing mechanism to turn. If the hydraulic pres- 
sure line from the emergency pump were 
connected into the primary hydraulic system 
directly, the initial force required to produce 
pressure would overcome the efforts of the 
ram-air turbine and stall the emergency 
pump. The flow control valve keeps the emer- 
gency pump pressure from entering the sys- 
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Figure 2-14. Cutway of Hydraulic Accumulator 
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tem until chis pressure builds up sufficiently 
to work in the system without the danger of 
а stall-out. When the ram-air turbine is de- 
ployed into the airstream, ic takes a few 
moments for the emergency pump pressure 
output to build up. It із in this short time 
that the flow control valve functions to re- 
lieve the early build-up of fluid pressure back 
to the reservoir. 


Flow Control Valve Operation. 


Figure 2-15 shows an operational schematic of the 
flow control valve іп cwo розісіоп5--опе in which 
initial pump pressure returns to the reservoir, and 
one in which pump operating pressure is diverted to 
the primary system. Note that this valve consists of a 
housing, sleeve, spool, two springs, and three fluid 
ports. Before any flow from the emergency pump 
enters the inlet port of the valve, both sleeve and 
spool are at the extreme right as shown іп the upper 
view of the illustration. In this position the relief 
orifices in the sleeve and spool are aligned. 


The inicial flow from the pump enters the inlet port 
at the right end and passes through the holes in the 
sleeve. Since static pressure between this valve and the 
check valve in the primary system is at the lower port 
marked FROM SYSTEM, inlet flow follows the path 
of least resistance and flows through the aligned relief 
orifices. From the inside of the spool the fluid can 
flow out the line to return. 


While initial fow is passing through the valve, some 
of this pressure is applied to the right end of the 
spool. This pressure tends to misalign the relief ori- 
fices thereby reducing the outlet flow to return. How- 
ever, as you remember the starting torque for the 
emergency pump must be as low as possible; so as 
pump pressure builds up, the flow sensitive orifice 
restricts this pressure causing the sleeve to move to 
the left along with the spool. When the inlet flow 
reaches 6.3 gallons per minute (gpm), the sleeve and 
spool are positioned as in the lower view of figure 
2-15. 


In this view you can see that the sleeve and spool 
have moved to the left—the sleeve is against its hous- 
ing stops, while the spool is unseated from its valve 
housing stops. Ас this position the relief orifices are 
completely misaligned and no fluid can pass through 
to return. АП inlet fluid pressure is now directed 
through the lower port and into the primary system. 
The sleeve and spool relief orifices will remain mis- 
aligned as long as the emergency pump output 18 6.3 
gpm or more. If inlet flow drops below 6.3 gpm, the 
springs will expand and return the sleeve and spool 
toward their original (no flow) position. 


Аз is the case in most other units in the hydraulic 
system, you should replace this valve if it goes bad. 
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Figure 2-15. Flow Control Valve Operational Schematic 


Actually this valve should give very little trouble; 
but if it should, malfunctioning will be confined 
either to restricted openings within the valve or weak 
spring tension. Restricted openings, probably caused 
by foreign material, will reduce emergency system 
operating pressure. Weak spring tension, although not 
likely to occur, would permit pump pressure to enter 
the primary system before the flow reached 6.3 gpm. 
'This may cause the emergency pump to stall out 
before it reaches operating pressure. 


QUICK-DISCONNECT COUPLINGS. 


Quick-disconnect couplings are provided in the F-102A 
hydraulic system fluid and pneumatic lines as means 
for connecting the hydraulic test stand. These coup- 
lings are of the self-sealing type. They consist of two 
self-sealing halves—one which is permanently in- 
stalled in the aircraft structure апа the other which is 
a detachable screw-in séction attached to a flexible 
hose. А fluid or pneumatic connection is made when 
the detachable section is coupled to the fixed section 
on the airplane. However, when uncoupled both sec- 
tions automatically seal themselves. This self-sealing 
action prevents leakage of system fluid that ordinarily 
would pour out through an opening. 


There are five quick-disconnect fittings to. which. ап. 


outside source can be connected in the F-102A sys- 


48 


tems. There are two couplings at each of the two 
main engine hydraulic pumps, and one at the low 
pressure pneumatic coupling through which the hy- 
draulic reservoir pressurization system receives air. 


Figure 2-16 shows a typical quick-disconnect coupling, 
such as those used on the F-102A. In the upper section 
are the two self-sealing sections as they appear when 
disconnected, while the lower view shows these sec- 
tions coupled correctly. INo tools are required to con- 
nect а coupling—they are merely hand-tightened Бу 
turning the union nut until the lock teeth engage the 
lock spring assembly. When correctly assembled you 
will have the 1/16 inch minimum gap shown in figure 
2-16 and the back side of the union nut will be flush 
with the flange on the valve. 


HYDRAULIC PRESSURE 
INDICATING SYSTEM. 


The hydraulic pressure indicating system for the 
F-102A is a simple, but highly precision-operated 
system. It consists of a pressure gage, two pressure 
transmitters with snubbers, and an indicator selector 
switch. Electrical power for the system is supplied by 
the 26-volt, single-phase, 400-cycle a-c bus. The system 
indicates pressure for either of the two hydraulic 
power systems by the pilot manually actuating the 
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selector switch. The switch completes a circuit chat 
permits indication of primary system pressure when 
selected in one direction, and indication of secondary 
system pressure when selected in the opposite direc- 
tion. One pressure gage indicates pressure for both 
systems even though each system has individual trans- 
mitters and snubber units. 


Each transmitter has a hydraulic pressure connection 
and a vent opening. These openings are differentiated 
by the lettering P and V on rhe transmitter case. The 
diagram of the indicating system (figure 2-18) shows 
that the electrical indicating circuit is common for 
both hydraulic systems, although no connection or 
interchange of system pressure is made. (Also see 
figure 2-1 for details.) 


PRESSURE TRANSMITTER AND 
SNUBBER OPERATION. 


'The hydraulic pressure transmitters relay pressure 
signals to the pressure indicating instrument on the 
instrument panel. Each transmitter is a hydraulically- 
actuated mechanical device that generates an electrical 
signal when actuated by fluid pressure. The transmit- 
ter unit consists basically of a Bourdon-tube, an elec- 
trical transducer, and an adjusting arm mechanism. 


Тһе Bourdon-tube operates in such a way that a 
change in system pressure opens or closes the arc of 
the tube in much the same manner as the basic one 
you learned about in Chapter I. In this transmitter the 
change in the Bourdon-tube arc is the mechanical 
motion that is transformed into electrical energy and 
sent as a signal to the remote controlled indicator gage 
on the instrument panel. In this way a pressure change 
in the system is made known by the pointer movement 
on the dial of the indicator gage. 


In figure 2-17 is a cutaway view of one of the ћу- 
draulic pressure transmitters. Hydraulic pressure en- 
ters the transmitter through the snubber and continues 
on through the capillary tube to the Bourdon-tube. In 
figure 2-17 you can easily visualize che adjustment arm 
moving as a result of the expanding and contracting 
motion of the Bourdon-tube. This is exactly what 
happens. The change in pressure inside the Bourdon- 
tube creates the movements the tube makes. АП move- 
ments of the Bourdon-tube are relayed through the 
adjustment arm to the electrica! transducer. This elec- 
trical transducer transmits electrical signals to the 
pressure gage in a direct ratio to the magnitude of the 
Bourdon-tube movements that are sensed and relayed 
by the adjustment arm. 


The snubber valve shown in figure 2-17 connects the 
transmitter to the hydraulic pressure source. This snub- 
ber valve contains a flow-limiting fluid opening that 
has two filtering screens—one on each side of the 
orifice. The use of a snubber protects the transmitter 
from pressure surges. You can see how surges would 
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cause a sensitive Bourdon-tube type transmitter to 
operate in an oscillating manner and make reading 
of the pressure gage difficult. If the filtering screens in 
the snubber valves become restricted, they must be 
removed and cleaned. A suitable dry cleaning solvent 
is che recommended agent for cleaning the snubher 
orifice and screens. Оп the other hand, no flight line 
maintenance should be performed on the pressure 
transmitters other than inspecting, removing, and 
replacing of the entire assembly. 


THE HYDRAULIC PRESSURE GAGE. 


'The hydraulic pressure gage provides indication for 
both the primary and secondary hydraulic system 
pressure. Pressure gage readings are obtained by plac- 
ing the gage selector switch in the desired system 
position, then observing the movement of the pointer 
on the gage. The pressure gage is adjacent to the pres- 
sure Selector switch and both are on che right console 
in the cockpit. 


The operation of the pressure gage is similar to the 
one shown in the simple indicating system (figure 
1-23). Pressure induced electrical signals are remoted 
from the transmitters through the selector switch to 
the gage. When the switch is moved to one of the two 
indicating positions, the circuit is completed and the 
remoted electrical signals are then able to energize the 
gage. The magnitude of the electrical signals deter- 
mines the strength of the induced electro magnetic 
power which moves the pointer that you see in this 


gage. 


HOW SYSTEM INDICATES PRIMARY 
AND SECONDARY HYDRAULIC PRESSURE. 


Figure 2-18 shows the location of the hydraulic pres- 
sure indicating system units in the F-102A airplane 
and a wiring schematic of the system. In the schematic, 
note that the hydraulic fluid itself does not come in 
contact with the indicating unit. However, the elec- 
trical circuit is controlled by the accurate transforma- 
tion of hydraulic pressure into a corresponding elec- 
trical potential through che use of the pressure trans- 
mitter. Figure 2-18 also shows the gage and indicator 
selector switch as they appear on the cockpit console. 


In the wiring diagram, (figure 2-18) locate the 26-volt 
a-c essential bus, Note that the power from this bus 
is directed to terminal B of all three components, and 
that each unit goes to ground by way of terminal А. 
You can see that actuation of the seleccor switch to 
either the przmary or secondary position connects the 
transmitter on that particular side of the switch to the 
pressure gage and completes the indicating circuit. 


With the switch actuated to either position, transmit- 
ter pressure signals are sent co the D and C terminals 
at the pressure gage. Now that the circuit is completed 
the changes in system pressure that are sensed and 
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transmitted by the transmitter are sent to the pressure 
gage where these signals move the pointer in the gage. 
Thus, you can see that the pressure indication gage 
serves both systems, but is able го indicate che pressure 
of only one system at a time. 


HYDRAULIC LOW -PRESSURE 
WARNING SYSTEM. 


А warning system is included in the hydraulic system 
to warn the pilot of critically low hydraulic pressure. 
If the hydraulic pressure in either system drops to 800 
psi or lower, a light on the instrument panel flashes 
a warning to the pilot. He then checks his pressure 
gage to determine which system is low. If both sys- 
tems go out, the light glows steadily; thus, this 
warning system monitors both hydraulic systems at 
the same time, The warning light goes out when the 
pressure again increases to about 1000 psi, or when 
the pilot resets the warning light. 


The warning system utilizes two hydraulic pressure 
switches, a flasher unit, a pressure test switch, and a 
warning light. The pressure switches, which are lo- 
cated in the hydraulic accessory compartment, com- 
plete the circuit from the two hydraulic systems to the 
instrument panel warning lights. The two switches 
are hydraulically actuated and work in conjunction 
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with each other to illuminate the warning light when 
low-pressure causes them to close the electrical circuit 
to the fights. 


Each hydraulic pressure switch has contacts that when 
closed complete a 28-volt, d-c electrical circuit to che 
hydraulic pressure warning light. The contacts in 
either switch close whenever the pressure in that sys- 
tem drops to 800 psi. 


No attempt should be made to disassemble or adjust 
these pressure switches since they are factory sealed 
and adjusted. However, if either switch malfunctions 
and gives false indication, then replace the entire 
switch, When the portable hydraulic test stand is used 
during ground checkout operations, you can check 
the warning light system to see that it operates 
properly, 


HOW THE WARNING SYSTEM OPERATES. 


Figure 2-19 shows the complete low-pressure warning 
circuit for both primary and весопдагу hydraulic sys- 
tems. Note the two hydraulic pressure switches—one 
for the primary system and one for the secondary 
system. Either switch can complete the warning cir- 
cuit to illuminate the warning lights. Although two 
warning lights are shown in figure 2-19, they are 
behind one reflector on the instrument panel. You 
wil note that the lights are wired in parallel so that 
if one burns out, the other will continue to give 
warning indication. This is a safety feature in the 
warning system. Now let's see how this warning 
system works. 


Both pressure switches are shown actuated. This is 
the condition they would be in if the pressure in both 
hydraulic systems were 800 psi or less. Note the spring 
in each switch. These springs are compressed by sys- 
tem pressure which holds the electrical contacts open 
when system pressure is above 800 psi; thus the elec- 
trical contacts are open. However, the spring tension 
is strong enough to overcome hydraulic pressure of 
800 psi or less; thus they move the contacts to the 
closed. position. 


First let's see how the warning system functions when 
the pressure in one system is low and the pressure in 
the other is satisfactory. Assume that the primary sys- 
tem is below 800 psi and the secondary system is at 
3000 psi. In this case the primary pressure switch 
would be as shown. The two switches D and А in the 
secondary pressure switch would be at terminals F and 
C respectively instead of the position in which they 
are shown. Power from the 28-volt d-c bus enters the 
primary pressure switch at terminal A, leaves at ter- 
minal B and goes to terminal B at the flasher unit. 


This same power goes to terminal А on the secondary 
Switch; but since this switch is open at terminal C as 
we assumed above, the circuit is incomplete. From the 
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flasher unit the circuit is completed through the 
resistor to the lights causing them to flash on and off. 
Ат the resistor you will note that the circuit is con- 
nected to the master warning system. We will discuss 
this phase later. 


With the flashing of the warning light, the pilot 
checks his hydraulic pressure gage to determine which 
system is low. Then, so he won't have the flashing 
light to distract his attention, he presses the pressure 
switch to RESET. This completes a circuit from the 
28-volt d-c bus to the relay in the lower left corner of 
the schematic (figure 2-19) and energizes it, moving 
the contact to the other post. This breaks the circuit 
to the flasher unit, «һе flashing lights go off, and the 
circuit through the pressure switch now energizes the 
relay even after the pilot releases the RESET switch. 
The lights will nor illuminate again until a low- 
pressure indication is received from the secondary 
system. 


You will also notice that power entered the primary 
pressure switch at terminal D and went through ter- 
minal E to terminal D in the secondary pressure 
Switch; but since this switch was open, power does 
not leave the switch. 


Now let's assume that pressure in both systems is 
below 880 psi as shown in the schematic. The circuit 
through the primary pressure switch will remain the 
same, but now power from terminal E in the primary 
switch will pass through terminals D and E in the 
secondary switch. This power from terminal E will 
bypass the flasher unit and the circuit will be complere 
direct to the lights, causing them to illuminate in a 
steady condition. 


Referring back to the resistor and its connection to 
the master warning system, three conditions can occur. 
If the instrument panel lights are on, the warning 
circuit will be completed through the resistor shown, 
and illuminate dimly. If the panel lights are off, as 
in daylight hours, or the thunderstorm lights are on, 
the warning circuit will bypass the resistor and be 
completed through the master warning system. This 
will cause the lights (о illuminate brightly. АП this 
does is control the brightness of the warning lights to 
agree with light conditions in the cockpit. 


Тһе test position on the pressure switch provides а 
means of checking the system to determine that the 
lights and flasher unit are satisfactory. Placing the 
switch in ‘TEST causes the lights to flash on and off. 


51 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


МОЦУ 3340 SNONNILNOD 154 O00£-00S7 
SOEFOSWIB 


3unssaud ONILVYIdO 
WAWIXVW 154 0001 


зу п553ч4 ONILVYIdO 
УЧПУМІХУМ 154 0018 


T3LLIWSNY IL 

AUWAONODIS HS ам (Р SS 
SAHOLIMS 38055344 эппучалн 
VOLAS Ww 20 


25.0 


YJLLIWSNVAL 
АЧУУ ІЧ 


"HO1V2IQNI 381553844 


ANIWLUVdWOD АЧ055322У ЭППУЯаАН 


YILLIWSNVYL 
3unss3ud AYVINODIS YILLIWSNYYL 39155339 AUVWIYd 


System Schematic 


ing 


18. Pressure Indicat 


Figure 2 


52 


Sl 


SERVICING THE F-102A 
HYDRAULIC POWER SYSTEMS. 


The flight line service requirements of the F-102A 
hydraulic system are considerably few when compared 
to the large number of operating components in the 
entire hydraulic system. Hydraulic cylinders, valves, 
and gages need very little servicing, but they must be 
replaced after they have been in use for a prescribed 
number of operating hours. 


Аз the hydraulic fluid flows through the system, all of 
the moving parts in the pumps, selector valves, actu- 
ators, etc., are kept lubricated by the hydraulic fluid. 
For this reason it is only necessary to check the 
hydraulic fluid level in the reservoirs periodically to 
insure that sufficient fluid is in the system at all times. 
However, it is not necessary to bleed the system unless 
you find that it contains air. For details and specific 
inspection periods refer to Т.О. 1F-102A-2-3 and Т.О. 
1Е-102А-6. 


SERVICING THE RESERVOIR. 


To you, the ground checkout and maintenance man, 
the most common component in the system is the 
reservoir because you will service it more often than 
any other component of the hydraulic system. At the 
reservoir you bleed and refill the system, check fluid 
levels, and change the filter. The reservoir filler and 
cap assembly, the bleed indicator and bleed valve, and 
the fluid outlets are on top of the reservoir. А wire 
mesh strainer in the filler neck prevents solid foreign 
matter from entering the reservoir during servicing. 
Тһе return lines are connected to the bottom of the 
reservoirs near the point where welds hold the res- 
ervoir mounting bracket to the frame of the airplane. 


How Reservoirs Are Replenished. 


The most common servicing item оп the airplane is 
the replenishing of the hydraulic reservoir. Under 
normal operating conditions the reservoir is pressur- 
ized with air from the low-pressure pneumatic system. 
This means that the engine must be off and the resid- 
ual air pressure bled from the reservoir. The filler cap 
is constructed in such a way that unscrewing this cap 
about one full turn exposes an air release opening in 
the side of the cap sufficiently to allow reservoir air 
pressure to vent. The hissing sound of the air escaping 
is clearly heard as long as pressurized air vents from 
the reservoir. After all che air is released, it is safe for 
you to remove the reservoir filler cap and add fluid to 
the reservoir to replenish the fluid. The sight gage 
shows the fluid level in the reservoir. The level of the 
red hydraulic fluid, Specification MIL-O-5606, is easily 
seen through this transparent sight gage window on 
the side of the reservoirs. 


Draining The Reservoirs. 


Whenever you must drain the reservoirs, either to 
work on the system or to changeghe system fluid, then 
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drain the fluid through the drain lines at the bottom 
of the reservoirs. Since the drain lines at the bottom 
of the reservoirs are not accessible, a drain fitting is 
provided for each reservoir. The drain fitting for the 
primary reservoir is on the bottom of the aft bulkhead 
in the center armament bay, and che drain fitting for 
the secondary reservoir is at the bottom of the forward 
bulkhead in the right main wheel well. However, 
before you remove the drain fitting caps you must 
first vent the air pressure from the reservoirs. This 
prevents the fluid from draining under pressure. To 
drain the reservoir, remove the drain fitting cap, per- 
mit the fluid to drain into a container of at least two 
gallon capacity, then replace and tighten the fitting 
cap. 


1 any hydraulic fluid spills in or near the airplane, 
always remove it immediately and wipe the area clean. 
Spilled hydraulic fluid, in addition to damaging the 
airplane equipment, is a fire hazard. À spark or an arc 
from electrical equipment can ignite hydraulic fluid. 
While the reservoirs are drained of fluid, you may 
wish to replace the low-pressure filter in each reser- 
voir. The covers of the reservoirs are removable and 
permit easy replacement of these filter units. To replace 
the filter, loosen the small wing nut near the edge of 
the circular reservoir cover, and remove the latch from 
the recess in the reservoir. 


То take the cover off, turn it about one-eighth turn 
and raise it up and off of the reservoir. Once the cover 
is taken off, the filter unit is merely removed and 
replaced. Replace the cover by inserting it in place, 
turning it until locked; then position the latch in the 
recess and secure ic with the wing nut. 


SERVICING THE ACCUMULATORS. 


The accumulators have very important functions in 
the overall efficiency and operation of the hydraulic 
systems. Next to the reservoirs the accumulators re- 
quite more attention and servicing than any other 
component in the system. Each system has an identical 
accumulator arrangement; therefore their servicing 
problems are also the same. Both accumulators must 
be precharged and discharged as required. 


Charging an Accumulator. 


The precharge pressure of the nitrogen gas in the 
pneumatic end of the accumulators is 750(2-25) psi 
when the hydraulic system is not pressurized. Al- 
though the system may пог be in operation, some 
hydraulic pressure may remain in the accumulator. 
Therefore, to assure yourself that the accumulators 
are exhausted of hydraulic pressure, operate the con- 
trols until all pressure is dissipated. You can then 
charge the accumulators with nitrogen. Nitrogen is 
the only gas that may be used in the accumulators. 
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WARNING 


Be sure that another gas is not mistakenly 
used in place of nitrogen. Other gases, such as 
oxygen and acetylene, will cause an ex- 
plosion. 


Extreme ambient temperature changes, such as those 
encountered in desert and arctic regions, cause changes 
in the required amount of initial accumulator pre- 
charge. Temperatures around 150°F increase the re- 
quired initial charge to a maximum of 870 psi so that 
750 psi is in the accumulator when it cools to normal 
temperatures. Extreme low temperatures, such as 
—65°F, require that the accumulator be precharged to 
only about 570 psi. 


When charging the accumulator, remove the dust cap 
on the air filler valve and attach the filler hose. Then 
loosen the 3⁄4 inch hexagonal swivel nut on the valve 
a maximum of 44 of a turn. After charging the accu- 
mulator, tighren this swivel nut from 50 to 70 inch- 
pounds torque and replace the dust cap. 


Discharging Air From an Accumulator. 


То discharge an accumulator perform the procedure 
opposite from that of charging the accumulators, 
Again the hydraulic pressure in the accumulator is 
dissipated to allow the charge of gas to escape slowly 
when released and to obtain an accumulator reading. 


Ж Loosen the 3% inch hexagonal swivel nut a maximum 


of 34 of a turn, and depress che small valve core in the 
\ center of the filter valve. А suitable tool comparable 
"Сто che size of a match stick is ideal to depress the valve 
core and permit the nitrogen gas to discharge. After 
the operation is completed torque the 98 inch nut on 
the valve to 50 to 70 inch-pounds and replace the 
dust cap. 


GROUND OPERATION 
OF HYDRAULIC POWER SYSTEMS. 


'To perform a complete check and adjustment many 
of the operating parts of the hydraulic system, a means 
of ground operation is necessary. On many occasions 
the various operating systems require hydraulic pres- 
sure for test operations when the airplane is on the 
ground and the engine is not operating. To perform 
these checks, several powered hydraulic test stand con- 
nections are on the airplane to allow use of such outside 
facilities. А portable test stand is standard organiza- 
tional equipment in Е-102А maintenance sections. 


HYDRAULIC TEST STAND. 


The hydraulic test stand, shown connected to the 
Е-102А in figure 2-20, is the portable hydraulic test 
stand used by F-102A maintenance crews. The test 
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stand is a steel cabinet which houses the test stand 
components and is mounted on а four-wheeled heavy- 
duty trailer. This unit contains an air compressor and 
two separate hydraulic systems complete with pumps, 
reservoirs, valves, gages, controls, and hoses for con- 
nection to the airplane hydraulic systems. An indus- 
trial gasoline engine installed on the test stand sup- 
plies power for producing pressure. The test stand 
power system is capable of producing 3000 psi pres- 
sure for use in both systems at the same time. 


Figure 2-21 shows the connections between the test 
stand and the primary system. You can also see the 
pneumatic pressure hose (8) entering the hydraulic 
accessory compartment. The test stand suction (3) and 
pressure hoses (4) connect to the corresponding pri- 
mary system lines at the pump quick-disconnect fit- 
tings (2). The test stand thereby bypasses the engine 
pump (6) and furnishes hydraulic power to the air- 
plane system. Although not shown, a second set of test 
stand suction and pressure lines connect to the second- 
ary System at its engine pump quick-disconnect fit- 
tings. The test stand pneumatic pressure line (4) соп- 
nects to the reservoir air pressure line at its quick- 
disconnect fitting. This line supplies air pressure to 
rhe two reservoirs when the test stand is operated 
using the airplane reservoirs. 


The illustration of the test stand unit (figure 2-21) 
shows its many controls and connections which may 
seem quite complicated. However, after a second look 
you see that the stand is merely a dual hydraulic power 
supply unit. This portable test stand has all of the 
necessary equipment that allows it to power the air- 
plane hydraulic systems without the use of other 
external aids. It is а good idea to learn everything 
about the tesc stand and all of its gages, valves, and 
connections so that you can use it to the best advan- 
tage. You will utilize nearly every control each time 
you operate it. You should check that the test stand 
hydraulic reservoirs are full before each operation, and 
that the water, oil, and battery levels in the test stand 
engine compartment are satisfactory. 


Study figure 2-21 to become familiar with these 
controls and connections. Details А, B, and C are 
close-ups of these controls and connections. In detail 
А note the two levers used to select either the airplane 
reservoirs or stand reservoirs. Then on the front you 
can see the primary and secondary system flowmeters, 
volume indicators, air pressure gage, and the air shut- 
off valve. In detail B are the hydraulic and air con- 
nections and the test stand reservoir filler provision. 


In detail C note that there are two instrument panels 
which can be covered with a folding head. The larger 
panel provides the controls for operating the primary 
and secondary hydraulic systems, while the side panel 
contains the test stand engine instruments and соп- 
trols. То the right and on the front of the stand, nore 
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a hand pump and its pressure gage. This hand pump 
is used when you need a little pressure but do not 
want the full system pressure, 


When operating the test stand always wipe the hose 
connections dry and keep stand clean of grit and dirt. 
In all cases before starting the stand, place the air- 
plane controls in neutral and clear all personnel from 
the danger areas of operating, units around the air- 
plane. Complete instructions on the operation of the 
test stand are given on the instruction plates on the 
test stand and in the Handbook of Maintenance In- 
structions, Т.О. 1F-102A-2-3. Before you actually 
operate the test stand alone, however, it is advisable 
to have an experienced test stand user demonstrate 
the operations to you. 


Operating Hydraulic Systems With 
Test Stand Reservoir. 


The STAND RESERVOIR position of the test stand 
selector valve allows the hydraulic fluid in the test 
stand reservoir to operate the systems in the airplane. 
Connect the test stand hoses to the quick-disconnect 
fittings of the desired system and release the air from 
that system's pressurized reservoir. Pressurize the test 
stand reservoir to 15 psi before you adjust the air 
pressure regulator and place the reservoir pneumatic 
selector valve in PRESSURE position. 


Before actually applying pressure to the hydraulic 
system start the stand engine and allow it to heat to 
normal temperature. 


Now, several precautions are necessary to assure safe 
and correct operation. А safety check before applying 
pressure includes an accumulator check for the 750 
psi preload, pressure bypass valve opened, and the 
airplane controls placed in neutral After this check 
has been made, open the pressure shutoff valve to the 
OUTLET position and slowly close the pressure by- 
pass valve. А compensator control knob is on the test 
stand panel and is used to adjust the pressure as dic- 
tated by the requirement of the system in the airplane. 
After you are through using the test stand, open the 
pressure bypass valve, close the pressure shutoff valve 
to the outlet position, and then turn the test stand 
power unit off. 


Operating Hydraulic Systems With Airplane 
Reservoirs and Test Stand Pumps. 


Only minor adjustments are necessary to change the 
test stand operation of the system from using the test 
stand reservoir fluid to using the airplane reservoir 
fluid. Before starcing the test stand power unit, all of 
the previously performed preliminary steps are re- 
enacted except three. First, instead of disconnecting 


the airplane reservoir air pressure connection, allow . 


it to remain and adjust the air pressure regulators to 
40 psi. Second, place the reservoir selector valve on 
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the test stand in SHIP RESERVOIR position. Апа 
lastly, after the stand engine is started and warmed up, 
slowly close the pressure bypass valve. 


Although this description will familiarize you with 
the hydraulic test stand and its purpose, refer co T.O. 
1F-102A-2-3 for complete operating instructions from 
time to time. . 


MAINTENANCE PROBLEMS 
OF HYDRAULIC POWER SYSTEMS. 


Іп a complex hydraulic system a number of malfunc- 
tions are possible. In almost every instance the cause 
of most malfunctions will be due to air getting into 
the system, to dirty fluid, or to leaky seals and con- 
nections. These three conditions can cause damage to 
the pumps, reservoirs, valves, and other operating 
components throughout the system. Therefore, it is 
the aim of every squadron maintenance section to keep 
these three troublemakers to a minimum, 


AIR IN HYDRAULIC FLUID. 


The hydraulic power system is hermetically sealed to 
keep air from the fluid in the system and thus avoid 
many undesirable complications. The hydraulic fluid 
used in the F-102A hydraulic system loses its efficiency 
when it is mixed with air. Low efficiency caused by air 
mixture leads to erratic performance by the using 
subsystem. 


Air cavitates the rotating parts in hydraulic pumps by 
forming “dry spots” or small fluid vacuums on the 
metal surface. This causes bumpy, unstable fluctuations 
in the pump output. So, since air is a principal enemy 
to the hydraulic systems, the importance of having 
properly sealed and connected parts cannot be em- 
phasized too much. 


DIRT AND GRiT HARMFUL TO PRECISION PARTS. 


To avoid foreign solid particles from endangering the 
components in the system, low pressure and high pres- 
sure filter elements are strategically placed throughout 
the system. Also several filtering screens and snubbers 
are used to sift out any foreign matter. However, the 
problem of dirty, gritty hydraulic systems continues 
to exist. The best way to eliminate the trouble of dirt 
and solid particles in the system із to KEEP IT OUT. 
However, here again is a big problem that seems 
unsolvable, Dirt always seems to get into the system. 


Dirty hydraulic fluid clogs up orifices, causes pumps 
and other precision parts to malfunction, and creates 
faulty gage indications. Bleeding dirty fluid and re- 
circulating clean fluid in a system periodically, in 
addition to frequent filter element changes, usually 
eliminates the bigger portion of these headaches. 
When you геріасе component parts, be sure these 
parts are both clean and tightly sealed—this is one of 
the principal ways of keeping dirt out of the system. 


~ 


HOW LEAKS ARE PREVENTED. 


Properly sealed joints, unions, pistons, and valves pre- 
vent leaks in hydraulic systems. It is very important 
that the proper seal is selected as well as co make sure 
the seal is properly installed. Every seal used in the 
Е-102А hydraulic system has a фіме dot.on. it. This is 
a color code identification. Never use O-ring seals with 
red or yellow dots unless a blue dot is also on the seal. 
Seals are listed in T.O. 1Е-102А-4, and this Illustrated 
Parts Breakdown must be consulted to obtain the 
proper seals for replacement. Seals are replaced after 
a connection is broken or a sealed unit is removed. іп 
almost every instance the removal of a sealed unit 
either damages the O-ring seal, or the seal needed 
replacing beforehand. 


SUMMARY. 


1а this chapter you learned about the operation and 
servicing of the F-102A hydraulic power supply sys- 
tem. Each major component was described and its 
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function in the overall operation of the system was 
explained. Now you are prepared to go into a more 
detailed discussion of the five subsystems that use this 
hydraulic power as their means of operation. The con- 
stant high pressure produced by the two power sup- 
ply systems keeps fluid pressure at the control valves 
and selector valves of these subsystems. Upon demand, 
this pressure is available for use in the operation of 
the subsystem actuators, "Therefore, if you thoroughly 
understand this chapter, you have half of the system 
operation under your belt. However, an equally im- 
portant part is yet to come, since it is in the subsys- 
tems where the hydraulic fluid must fulfill precisioned 
actuations, 


Chapter III is a complete description and operation of 
the dual powered flight contro! system. Chapter ЈУ 
consists of the complete hydraulic operation of the 
other subsystems that use this power—the ‘landing 
gears, the nose wheel steer damper unit, the speed 
brakes, and the emergency a-c generator. 
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In the preceding chapter you learned how the primary 
and secondary hydraulic power supply systems func- 
tion to produce power for the operating subsystems. 
You also learned when the emergency hydraulic power 
supply system is used and how it operates. The mate- 
rial in this chapter will acquaint you with the elevon 
and rudder hydraulic actuating systems on the air- 
plane. 


'This chapter gives you a short review of the basic 
theory of flight controls on conventional aircraft as 
compared to those on the F-102A so that you will 
have a better understanding of the flight control sys- 
tems. Following the review is a description of the 
elevon hydraulic system and how it operates. This 
operational description includes three methods of 
controlling the flight of the F-102A. Next you will 
become acquainted with the rudder hydraulic system 
which is similar to that of the elevons. 


The other systems that make up the complete elevon 
and rudder systems, such as the damping system, trim 
system, mechanical linkage, feel system, and the like, 
are mentioned or described only as necessary to explain 
the operation of the control hydraulic systems. All of 
these systems are described fully in another manual 
of this series covering the Flight Control System. 


BASIC THEORY OF FLIGHT CONTROLS. 


Before discussing the F-102A flight control hydraulic 
system, let us review some of the basic theory of flight 
controls. We will discuss these, and the importance of 
the use of hydraulic power for their actuation. This 
review of conventional airplane flight controls is on a 
comparative basis with che F-102A flight controls. 


THE AXES OF AN AIRPLANE. 


For the purpose of studying or discussing stability, 
flight maneuvers, or any other motion of an airplane, 
we must consider that the airplane has three axes. On 
figure 3-1 note the three axes, lettered XX, YY, and 
ZZ. You may think of these axes as rods extending 
through the center of gravity of the airplane. Each 
axis is perpendicular to the other two. Ав you will 
recall from basic theory, when the airplane's fuselage 
and wings are level with respect to the ground, the 
position of their axes is as follows: the vertical axis 
(ZZ) is perpendicular to the ground, while the lateral 
axis (YY) and the longitudinal axis (XX) are parallel 
to the ground. 


'The motion of an airplane about these axes is shown 
in figure 3-2. Now, referring to both illustrations, 
assume that the airplane 18 rotating around the 
lateral axis (YY). Note that the other two axes (ХХ 
and ZZ) move with it. This motion is called pitch. 
Now imagine that the airplane is rotating about either 
of the other two axes, and note that the alternate two 
axes also rotate. When the airplane rotates about 
the longitudinal axis, or “banks,” the movement is 
called roll, Movement about the vertical axis із called 
уаш. 


METHODS OF CONTROL. 


In earlier studies, you probably learned that the pitch 
movement about the lateral axis (YY) is controlled 
Бу elevator surfaces, that the roll movement about 
the longitudinal axis (XX) is controlled by aileron 
surfaces, and that yaw movement about the vertical 
axis (ZZ) is controlled by the rudder surface. In the 
F-102A with its delta-type wing, the elevator and 
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XX LONGITUDINAL AXIS 


YY LATERAL AXIS 


1 
ZZ VERTICAL AXIS 
атмзоов! 


Figure 3-1. The Three Axes of an Airplane 


aileron surfaces are combined into control surfaces 
called elevons. These elevons are hinged to the wing 
trailing edges. So, where an airplane of conventional 
design has a pair of elevators attached to the horizontal 
stabilizer and ailerons attached to the wings, the delta- 
wing F-102A combines che elevators with the ailerons. 
Тһе elevon contro! system combines elevator and 
aileron motion in the single pair of elevons. During 
straight and level flight, each of these control sur- 
faces is in a streamlined position—in line with the 
immovable wing surface to which it is attached. This 
is also true of the rudder which is attached to a 
conventional vertical stabilizers on the upper aft end 
of the fuselage. Wher a control surface is moved out 
of line with its attached surface—in one direction 
or the other—air pressure against it deflects the air- 
plane to a new course. 


TYPES OF CONTROL SURFACE ACTION. 


Control surfaces are often balanced, or arranged, so 
that a part of the movable surfaces extend forward of 
the hinge line. In such designs, air pressure is on the 
forward surface and also on the surface aft of the 
hinge line. Аїг pressure on the section forward of 
the hinge line, therefore, helps counteract pressure on 
the aft section of the surface. 
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Several types of surface balancing, counterweights, 
and horns are used on airplanes to work against the 
air pressure on control surfaces. On some airplanes, 
adjustable tabs are hinged to the trailing edges of 
control surfaces to assist in moving these surfaces. 
Тһе moving of these tabs in a direction opposite to 
the desired control surface movement helps force the 
control surface in the desired direction. Some large 
airplanes use a combination of the above plus hydrau- 
lic actuation to move their control surfaces. This com- 
bination helps the pilot move the large surfaces which 
would be impossible to do without these or similar 
aids. 


Of the aids just discussed, the Е-102А uses only hy- 
draulic actuation. The reason for this selection is chat 
on an airplane which operates at extremely high, 
atid sometimes supersonic speeds, cleanness of all sur- 
faces is most important. In addition, more structural 
strain exists on a high-speed airplane than on the 
slower ones. For instance, an airplane traveling at 
high speed strikes turbulent or rough air much harder 
than one traveling slowly. Апа too, a change of direc- 
tion at high speed causes a much greater increase in 
weight on the wings and che control surfaces. The 
action that causes this increase in weight is called 
centrifugal force. Тһе increased loads require greater 
pilot effort to move the control surfaces. Because of 
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Figure 3-2. Rotation About the Three Axes 


this, modern airplane control surfaces are designed to 
be moved by hydraulic power with the pilot moving 
only the hydraulic system control valves instead of 
the entire flight control surfaces. On the F-102A, all 
control surfaces are hinged at their leading edges, they 
have no tabs, and they are powered by hydraulic pres- 
sure. You will learn about this hydraulic actuation of 
the F-102A control surfaces in this chapter. 


WHY CONTROL SURFACES ARE TRIMMED. 


'Tab trimming of control surfaces is used to do some 
of the work the pilot would otherwise have to do. Tabs 
maintain the control surfaces in particular positions 
away from neutral during straight and level flight so 
as to trim the airplane. For example, if you were a 
pilot and your airplane tended to turn constantly to 
the left, you would have to hold the rudder con- 
tinuously to the right. However if the rudder were 
equipped with a trim tab, you could move the tab 
so that its trailing edge is toward the left. This trim- 
ming would force the entire rudder toward the right 
so that it would not be necessary for you to exert a 
constant pressure on the right rudder pedal. 


On the F-102A the rudder does not have a tab, so the 
entire surface is trimmed to the right со do the same 
trimming action, The same type of trim corrections 


are applied to the ailerons (elevons on the F-102A) 
if one wing is "heavy" because of unbalanced loads, 
and to the elevators (elevons again on the F-102A) 
if the airplane loads are unbalanced forward or aft 
of the lateral axis. 


We have discussed why directional controls аге 
needed, the methods of control used on different air- 
planes, and che types of control surface action. We 
have also seen why and how control surfaces are 
trimmed. In the following paragraphs we will discuss 
the F-102A flight control hydraulic systems, and how 
hydraulic power moves the control surfaces. To under- 
stand these systems better, we will discuss the elevon 
and the rudder hydraulic systems separately. 


F-102A FLIGHT CONTROL SYSTEM. 


Тһе flight controls on the Е-102А consist of only two 
systems instead of the usual three systems found on 
other aircraft with conventional wings and empennage. 
These two systems are the elevon and rudder systems. 
As stated earlier, this chapter deals with the hydraulic 
portion of the two flight control systems. However, a 
brief description of the flight control systems is in- 
cluded at this time so that you will have a better 
understanding of the hydraulic system operation. INo 
attempt will be made to give you a comprehensive 
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description of why or how some control signals that 
affect che hydraulic system are generated. If you want 
a complete .description of the flight control system 
and all its phases, refer to the Flight Control Systems 
"Training Supplement in this series on the F-102A. 


ELEVON CONTROL SYSTEM. 


Тһе elevon control system combines mechanical move- 
ment and hydraulic power to move the two elevons on 
the wing trailing edges. À diagrarn of the elevon con- 
trol system is shown in figure 3-3. Conventional stick 
movement is retained in the cockpit to attain elevator 
and aileron action. That is, fore and aft movement 
of the control stick give elevator action for pitch соп- 
trol of the airplane, and movement of the stick from 
side to side produces aileron action for roll or bank 
contro] of the airplane. Movement of the control 
stick in either direction is transmitted by mechanical 
linkage to a "mixing" assembly which combines ele- 
vator and aileron stick action. Movement of the mix- 
ing assembly is again transmitted by mechanical 
action in proportional amounts to the left and right 
elevon hydraulic components. 


Since the elevons are moved by full hydraulic power, 
the pilot cannot feel airloads imposed on the surfaces 
when he moves them. 'То overcome this condition an 
artificial feel system is included to give che pilot feel 
of the controls and prevent him from overloading the 
elevon surfaces. 


In addition to the pilot’s direct control of the elevons, 
there are two automatic systems that control elevon 
surface movement. One system known as the pitch 
damper system automatically corrects for minor pitch 
deviations of rhe aircraft, regardless of the course. 
This system controls elevon movement when the pilot 
selects the manual mode of operation. The other auto- 
matic system is known as the pilot assist system and 
is engaged when the pilo: assist mode is selected. It 
operates similar to the damper system, but controls 
elevon movement over a wider range of deviation. 
This system maintains the airplane on a pilot-selecred 
Course. Both of these systems are electronic in nature 
and operate on the principle of a servo-type system. 


Both the mechanical movement of the elevon system 
and the signals from the electronic systems are further 
described when we discuss the elevon hydraulic sys- 
tem and its components, later in this chapter. 


RUDDER CONTROL SYSTEM. 


'The rudder control system also combines mechanical 
movement and hydraulic power to move the rudder 
surface. À diagram of the rudder control system is 
shown in figure 3-4. Movement from the rudder ped- 
als is transmitted by mechanical linkage го the hy- 
draulic components at the rudder. These hydraulic 
components in turn move the rudder surface in a 
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direction corresponding to pedal movement. Later in 
this chapter you will learn just how these hydraulic 
Components functiton to move the rudder. Just as in 
the elevon system, the rudder system also has an 
artificial feel system to give the pilot simulated feel 
of the rudder. 


The two automatic electronic systems (manual and 
pilot assist modes) that control the elevons also con- 
trol the rudder movement in addition to the pilot's 
direct control of the surface. When engaged in manual 
mode, electronic signals control rudder movement 
through the hydraulic components to keep the air- 
plane on a stable course. In the pilot assist mode, rud- 
der movement is coordinated with aileron movement 
in a pilot initiated turn. 


Тһе mechanical movement of the rudder system and 
the signals from the electronic systems are further 
described when the rudder hydraulic system and its 
components are discussed later in this chapter. 


ELEVON HYDRAULIC SYSTEM. 


Full hydraulic power is supplied to the right and left 
elevon flight control systems from the primary and 
secondary hydraulic power supply systems. In figure 
3-5 you can see the hydraulic system for the right 
elevon. (Refer also to figure 1-4 in Chapter I.) The 
hydraulic system for the left elevon is exactly the 
same as the right. Mechanical actuation from the con- 
trol stick and from the actuating cylinders is repre- 
sented by dashed lines. Hydraulic actuation from the 
primary and secondary hydraulic systems is repre- 
sented by solid lines. Note that the primary hydraulic 
system supplies power by way of the control valve 
to the inboard and outboard actuating cylinders at the 
elevons. Аз just mentioned, the secondary hydraulic 
system also supplies power through the control valve 
to the same actuating cylinders. However, note that 
the secondary system also supplies power to other 
hydraulic components in each elevon control system. 
'These components are the servo shutoff valve, the 
servo actuator, and the lockout valve, which operate 
when the automatic flight control systems are engaged. 


Pilot control of the elevons is by means of the con- 
ventional control stick. Control stick motion mechan- 
ically moves the hydraulic control valves, which in 
turn meter primary and secondary hydraulic fluid to 
the control surface actuating hydraulic cylinders 
(rams). The surfaces move only as long as the pilot 
moves the control stick. When the pilot stops moving 
the stick, a mechanical follow-up mechanism which 
works through the bellcrank shown on the diagram 
neutralizes control forces in the hydraulic control 
valve. Тһе valve then equalizes fluid pressure іп the 
actuating cylinders, causing the control surfaces to 
stop moving. The position in which the control sur- 
faces stop is determined by the position ас which the 
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Figure 3-3. Elevon Control System D 
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Figure 3-5. Elevon System Diagram 


pilot stops movement of the control stick. Operation 
of the pilot’s control stick is the same as on conven- 
tional airplanes. 


SYSTEM OPERATION. 


Аз you know, the elevon systems on both sides of the 
airplane are identical, so only the hydraulic operation 
of one system will be described. Figure 3-6 shows the 
complete hydraulic system for one elevon system. 
Note that pressurized fluid is routed from the primary 
system at the bottom of the schematic to one section 
of the control valve. The fluid passes through the pri- 
mary section of the control valve when it is displaced, 
and then to the primary section of both inboard and 
outboard actuating Cylinders, 


Now, note how fluid from the secondary system enter- 
ing at the top of the schematic passes through its side 
of the control valve, and on to its section of both 
actuating cylinders. Note that hydraulic pressure from 
both systems does not enter corresponding chambers 
in the two actuating cylinders. Hydraulic pressure in 
the outboard cylinder extends the piston rod while 
pressure in che inboard cylinder retracts the piston 
tod. The outboard cylinder piston rod connects to a 
hora below спе centerline of the elevon while the 


inboard cylinder piston rod connects то a horn above 
the elevon centerline. (Also refer to figure 3-7.) Thus, 
retraction of one cylinder rod and extension of the 
other moves the elevon in the same direction. The 
details of how these cylinders function and why this 
method of operation is uséd is explained when the 
actuating cylinders are discussed. 


In addition со supplying power to the actuating cyl- 
inders, the secondary hydraulic system also supplies 
power to other components in the control system. 
Note at the top of figure 3-6 how another line 
branches off the secondary system pressure line and is 
routed through the shutoff valve. This shutoff valve 
controls fluid to the elevon servo actuator and the 
lockout valve. 


The shutoff valve is located in the line so that fluid 
cannot be admitted to the lockout valve unless it is 
also admitted to the servo actuator. Also, the servo 
actuator may be hydraulically energized, but the lock- 
out valve solenoid can at the same time prevent fluid 
from hydraulically energizing the lockout valve. These 
combinations of control are used in varying ways 
during different phases of operation which are dis- 
cussed later in this section. 
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Figure 3-6. Elevon Hydraulic System Schematic 
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Figure 3-7. Elevon Hydraulic Flow Diagram 


ELEVON HYDRAULIC ACTUATING CYLINDERS. 


Аз you may recall, dual hydraulic actuating cylinders 
and full hydraulic power are used to move the control 
surfaces. The hydraulic power is supplied simultane- 
ously from both the primary and the secondary 
hydraulic systems. This is accomplished by the inter- 
nal arrangement of the actuating cylinders. 


Inside che cylinders, two power pistons are mounted 
on a single piston rod and act within two separate 
sections of the cylinder bore. See figure 3-7. The piston 
rod is sealed with two O-rings at the point where it 
passes through the center partition of the cylinder 
bore. This prevents interflow of fluid from one hy- 
draulic system to the other when both sides are pres- 
surized. Although not shown in the illustration a 
small drain hole drilled in the housing between the 
two O-rings permits any leakage due to a defective 
O-ring to drain off, thus preventing build-up of back 
pressure on the other O-ring. 


Remember, an inboard and an outboard cylinder are 
provided for each elevon, and the rod ends of (Безе 
Cylinders are attached to the inboard top and out- 
board bottom elevon horns. The inboard and out- 
board cylinders are hydraulically cross-connected as 
shown in figure 3-7. When positioning the elevon, 
one cylinder rod extends while the other retracts. 


Unbalanced Design of The Elevon Cylinders. 


In figure 3-7 note that in the secondary (forward) side 
of the cylinder shown in the cutaway view, the piston 
rod attaches to only one side of the piston. Now note 
that the piston in the primary (aft) side of the cylin- 
der has the rod passing completely through it and 
into the secondary side of the cylinder. The piston 
rod attaches to both sides of the primary piston and 
to one side of the secondary piston. It occupies a 
percentage of the total piston area that would other- 
wise be presented to fluid pressure. 


The forward side of the secondary system piston has 
no rod attached to it so its whole area on that side 
is presented to fluid forces. Therefore, there is an 
unequal area presented to the fluid forces. This un- 
equal area presented to the fluid forces causes a 
greater force to be exerted in the piston rod extend 
direction than in the rod retract direction by ап 
amount equal to the operating pressure times the 
piston rod area of the retracting piston. In other 
words, the fluid has more area to work against if the 
rod is not there, and therefore can push harder—do 
more work. 


Both the outboard and inboard cylinders operate on 
the same principle. Therefore, since the piston rods 
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of the inboard and outboard cylinders move in oppo- 
site directions to produce the зате elevon movement, 
one cylinder is always providing more work thrust 
than the other. In one directio of elevon movement 
the outboard cylinder does more work; in the other 
direction, it is the inboard cylinder. Аз you can see 
on figure 3-7, when the elevon is moving down, the 
inboard cylinder is doing more work than the out- 
board cylinder; when the elevon is moving up, the 
outboard cylinder will do more work. Remember, this 
unequal force is found only in the secondary section 
of the cylinders; not the primary section. 


Since one actuating cylinder js attached to the out- 
board bottom horn of the elevon and the other to the 
inboard top horn of the elevon, the elevon is forced 
slightly out of alignment at its trailing edge by the 
unequal thrust. The thrust is just enough to present 
а slightly twisted control surface to the airstream. 
One purpose of this relatively small twisting move- 
ment, or windup force, is to assist in overcoming any 
tendencies toward flutter or other unstable сћагас- 
teristics. The main purpose of this inequality of forces, 
however, і5 to take up the accumulation of slack in 
the various mechanical linkages to each actuating cyl- 
inder. This helps to prevent excessive wear of the 
linkage and prevents lag and jerkiness in the system. 


Fluid Flow to The Cylinders. 


“Referring again to figure 3-7 you can see the direc- 


tional arrows indicating fluid flow when the elevon is 
moving down, also the arrows on the cylinder piston 
rods near the elevon horns denoting mechanical move- 
ment, Note that there are four hydraulic lines con- 
nected to each cylinder. These lines connect to both 
cylinders and to the control valve. Looking ас the 
top center of the control valve, you can also see a 
cluster of lines numbered 1, 2, 3, 4, 5, and 7. These 
lines are the pressure and return lines from and to 
the main primary and secondary systems, which are 
the sources of fluid pressure for the elevon system. 
Note also the mechanical actuator of che control valve, 
numbered. 6. 


When the valve is mechanically operated, two spools 
inside move a small amount and allow the pressure 
from the main hydraulic systems to actuate the cylin- 
ders. Аз you can determine from the crossed over 
lines between the cylinders and from the flow direc- 
tion arrows, when fluid pressure is ported to the 
extend side of one cylinder, the same pressure is also 
ported to the retract side of the other cylinder. The 
return lines are also crossed over so that the return 
fluid flows in the same way. To give you an example: 
on figure 3-7, note the line coming out of the control 
valve at the upper right side. This line extends to a 
tee which branches in two directions—to the right side 
of the secondary piston of the upper cylinder, and to 
the left side of the secondary piston of the bottom cyl- 
inder. Tracing the flow arrows in this part of the 
System, you can see that when pressure is admitted into 
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these lines by the control valve they will route pres- 
surized fluid to the sides of the pistons described 
above. 


The primary side of the cylinders is pressurized in 
the same manner, and at the same time. Since the 
inboard cylinder is attached to the top horn and the 
outboard cylinder to the bottom horn, and since the 
cylinders move in opposite directions from each other 
because of the crossed lines, you can see that they will 
both push the elevon in the same direction. Remem- 
bering the unbalanced feature of the cylinders though, 
you should realize that the inboard end of the elevon 
will be pushed down harder than the outboard end. 
The elevon will retain the established twist in its 
trailing edge when it is returned to neutral or moved 
up, because the outboard cylinder will chen be push- 
ing harder than the inboard cylinder. 


You can trace the arrows in figure 3-7 and see that 
when the inboard cylinder is pushing its piston and 
rod toward the elevon and the outboard cylinder is 
pulling its piston and rod away from the elevon, the 
return fluid from the return side of the pistons will 
be pushed through the control valve and to the main 
hydraulic systems again. When the cylinders reverse 
the direction of the elevon, the return sides of the 
pistons will become the pressure sides, and the sides 
that are now pressurized will become the return sides. 


ELEVON HYDRAULIC CONTROL VALVE. 


The elevon hydraulic control valve is actually two 
valves in one; it controls both primary and secondary 
hydraulic system fluid to its respective actuating cyl- 
inders. This complete valve assembly consists mainly 
of two selector spools, two bypass valves, and four 
fluid ports for each hydraulic system. Figure 3-8 shows 
a cutaway view of one side of a control valve; the 
other side is identical. The valve spools are linked 
together méchanically at one end so that both valves 
stroke uniformly and meter an equal amount of pri- 
mary and secondary system fluid to each side of the 
actuating cylinders. 


In figure 3-8 you can see that the valve selector spool 
shown incorporates a bypass valve which is built into 
the control valve body. The other spool, which is пос 
shown, also incorporates a bypass valve and is iden- 
tical to the one shown. These bypass valves are incor- 
porated to provide a low-resistance flow path through 
the valve if one side becomes іпорегатіуе. That is, 
when one hydraulic system—say the primary—becomes 
inoperative, the other system will still move the actu- 
ating cylinder pistons, thus causing the piston in the 
inoperative side of each cylinder to move its existing 
static fluid through the inoperative side of the control 
valve. If the bypass valve were not incorporated, the 
static fluid on the inoperative side would be forced 
across the lands of the spool. This is a relatively high 
resistance flow path and would cause damage to rhe 
system. 
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Control Valve Operation. 


When both systems are in their normal operating 
condition (and they would seldom if ever be other- 
wise), both hydraulic systems are supplying equal 
pressure to their respective sides of the actuating cyl- 
inders. Mechanical actuation of rhe valve is instigated 
either by direct pilot action of his controls, or by the 
Servo actuator when it receives an electrical impulse 
from the damping system. The normal flow and action 
of one of the valve spools is shown in the upper 
schematic of figure 3-8. 


You can see that normal pressure is passing through 
the spool area in an equal amount to both sides of the 
Cylinder piston. Now imagine the spool moved to 
position No. 1. This would move the spool to your 
left and. allow full pressure to leave port Мо. 1. In 
this position return fluid from the actuating cylinder 
can flow through the control valve to return No. 1. 
If the spool is moved in the opposite direction to posi- 
tion No. 2, the pressure and return flows would be 
reversed. Note that when the spool is in the neutral 
position, the spool lands allow equal pressure past 
their inside edges to both INo. 1 and No. 2 ports in 
equal amounts, This locks the cylinder pistons in the 
position chey have been placed in at the moment. The 
only thing that will move them from this position is 
movement of the spools as described above. 


In the upper schematic (figure 3-8) note that system 
pressure entering the valve is routed to the back of 
the bypass valve holding it to the right. In this posi- 
tion the valve closes the bypass passage between port 
No. 1 and port No. 2. Now in the lower schematic a 
condition is set up which shows how the bypass valve 
functions. Here system pressure is inoperative and the 
control valve spool is displaced for elevon movement. 
Note that pressure INo. 1 is now static (no pressure). 
Movement of the actuating cylinder by the remain- 
ing operating system causes fluid in the inoperative 
side of the cylinder to be displaced from one side of 
the piston to the other. This displaced fluid entering 
the control valve moves the bypass valve to the left, 
thus allowing pressure to bypass through the valve 
between port No. 1 and port No. 2. The bypass valve 
remains in this position until system pressure again 
enters pressure No. 1. 


Maintenance. 


You will find that the valves are made to very close 
tolerances, and that any clogging of screen elements 
in the valve body or any particles of foreign matter 
around the spools will affect performance of the 
actuating cylinders. During maintenance, these condi- 
tions may be detected by sluggish response to motion 
of the control stick. Also, defective O-rings may cause 
leaking, which of course will affect control perform- 
ance too. If control is sluggish and hydraulic pressure 
is up to standard in the system, the control valve is 
the most likely unit to be suspected. Replacement of 
the entire unit is the remedy. 
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To remove a faulty valve, you should first be sure 
that there is no pressure in the two hydraulic systems, 
then you can disconnect the eight hydraulic lines from 
the valve, The four center lines which connnect to the 
top of the valve will have to be removed completely 
to allow the valve to be lifted out of position. There- 
fore, you should mark or tag the lines in some manner 
50 that you will know where they go when you 
reinstall them. You should also cap or plug all open- 
ings in disconnected tubing and components when 
working on any part of a hydraulic system. This is to 
insure that no foreign matter or moisture enters the 
system. After removing or disconnnecting the tubing, 
you then disconnnect the push-pull shaft of the servo 
actuator from the control valve by removing its con- 
necting bolt and nut. Do not disturb tbe shaft adjust- 
ment on ibe servo actuator. All that remains to be 
done then is to remove the mounting bolts from the 
valve and lift the valve out of its position. 


Installing a new valve is the reverse of the removal 
procedure; that is, the new valve is bolted in position, 
the push-pull shaft is connected to the servo actuator 
shaft, and the tubing із reinstalled. The new valve is 
pre-adjusted for zentral position and for throw of the 
spools; otherwise, it is identical to the old valve іп 
adjustments. It should not be necessary for you to 
disturb the adjustment stop on the quadrant. How- 
ever, you should install a rigging pin in the rigging 
hole shown on figure 3-8 so that the valve mechanism 
is held rigid when connecting the push-pull shaft to 
the servo actuator, Always be sure that you remove 
this pin when the installation is completed. 


The preceding description has pointed out the high- 
lights of the valve replacement. Refer to your F-102A 
maintenance manual, Т.О. 1Е-102А-2-3, for detailed 
step-by-step instructions and check-out of the system 
after valve replacement. 


DIRECT PILOT CONTROL OF THE ELEVONS. 


There are three ways of controlling the F-102A ele- 
vons in flight. These methods are called modes. They 
are direct pilot control (direct manual mode), and the 
two electronic systems (manual and pilot assist modes). 
Only the elevon control valve and the elevon actuating 
cylinders are required for control of the elévons while 
in the direct manual mode of control. This type of 
control is the condition of flight when the pilot has 
direct control of thé airplane, and only his motions 
at the control stick result in a direct change of course 
or attitude, 


Figure 3-9 shows the right-hand elevon control assem- 
bly in the fuselage, inboard of the elevon. The same 
type of assembly is on the other side of the fuselage 
for the left elevon. This view shows the tie-in of the 
mechanical system with the elevon hydraulic com- 
ponents. Note how the upper rod at the aft elevon 
bell crank connects through two units to the elevon 
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Figure 3-10. Diagram of Direct Pilot Control of Elevon Control Valve 


control valve. You can see how this rod forms into а 
yoke around the lockout valve, and is attached со rhe 
elevon servo actuator. The servo actuator is then 
mechanically connected to the elevon control valve. 
Above this rod and the hydraulic components are the 
inboard elevon actuator and potentiometer. The po- 
tentiometer is part of the automatic control system 
which you will learn about later. 


Note how the cylinder rod attaches to the inboard 
(upper) elevon horn. This horn pivots on the bolt 
just above the aft elevon bell crank. Pivoting of the 
bell crank is explained later when feedback is dis- 
cusséd. Below the hydraulic control components you 
can see the elevon tie rods that connect with the 
pilot's control stick. 


Since the servo actuator and lockout valve do not 
function in direct manual mode, consider the rod 
between the aft elevon bell crank and the elevon con- 
trol valve as being a solid shaft without the servo 
actuator or the lockout valve attached to it, as shown 
in figure 3-10. When the pilot moves the control stick, 
there is a corresponding amount of motion trans- 
mitted through this shaft со the valve. The amount of 
motion depends on the amount he has moved the 
stick. If che pilot moves the stick to either side (aileron 
motion), a mixer T-crank shown in figure 3-11 rotates 
to move the elevon control rods fore and aft. If he 
pushes the stick forward or pulls it back (elevator 
motion), the same mixer tee travels fore or aft to move 
the control rods in che same manner. 


This mixer T-crank moves elevon control rods through 
mechanical linkage. in the fore and aft directions 
regardless of the particular control that moves the 
mixer tee; that is, aileron or elevator control initiated 
by Фе pilot. АП the mixer tee does is answer thrust 
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from these different pilot controls to move the control 
Shaft and valve of each elevon (shown in figures 3-3 
and 3-10) through the elevon control rods and aft 
bellcrank. These movements are in coordinated direc- 
tions, or in directions opposite to each other. 


In aileron action, the elevons move in directions oppo- 
site to each other. In elevator action, the surfaces move 
in the same directions as elevators. Then in a climb- 
ing or diving turn, they combine the movement of 
aileron and elevator together. At that time, as shown 
on figure 3-11, the mixer tee travels fore and aft as а 
complete unit along the airplane's longitudinal axis 
to move both elevons in the same direction as ele- 
vators; and at the same time this tee rotates to the 
right ог left around a vertical axis to change the posi- 
tion of the two elevons in relation to each other as 
ailerons: The point made here is that regardless of 
why the elevons are moving or what flight control 
they are serving as, the function of the control shaft, 
control valve, and actuating cylinders is the same. 


This point has been discussed here merely to show 
that coordinated motions of all controls are "mixed" 
at the tee to move both elevons in the degree and 
relationship necessary to their function as both ele- 
vators and ailerons. Keep in mind that these motions 
are transferred from the mixer tee through push-pull 
rods and a bell crank assembly to the one shaft on each 
elevon assembly; and that regardless of the purpose 
of the movement of the elevon (for elevator or aileron 
motion) its hydraulic actuation is the same. 


Now, note on the diagram of the shaft on figure 3-10 
that movement of the shaft toward or away from the 
control valve to which it is attached also moves the 
spools of the control valve. А the spools move, they 
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Figure 3-12. Elevon Mechanical Linkage Action—Initial Motion 


port pressurized fluid to the actuating cylinders of 
the elevon, and also open ports to the return side of 
the power supply systems. The direction away from 
nentral that che spools move determines the direction 
in which the elevon actuating cylinders move the 
elevon. 


Figures 3-12 and 3-13 show how the mechanical link- 
age directs the control valve to move from neutral, 
then return to neutral. Figure 3-12 shows the direction 
the bell crank moves in answer to a push from the 
mixer tee. The arrows show the direction the crank 
moves, and show its rotation around its pivot point. 
Note that the pivot point of the crank is attached to 
the elevon horn. The rotation of the bell crank moves 
the shaft that displaces the control valve spools. The 
spools admit fluid to the elevon actuating cylinder. 
Тһе cylinder (inboard) retracts its shafr to move the 
elevon wp. The outboard cylinder, as you know, ex- 
tends at the same time for elevon up movement. 


Now look at figure 3-13. The bottom of the bel! crank 
is being held rigid in position by the pilot linkage 
from che tee and serves as the pivot роїас, As the top 
of the elevon horn moves forward the bottom part, to 
which the bell crank is attached, moves backward. 
With the lower end of the bell crank being held, the 
top half is carried back with the horn, and therefore 
pivots on its lower pivot to pull the control valve 
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spool back to zeutral, The spools automatically arrive 
at neutral at the same time the elevon arrives at the 
new position for which the pilot moved his controls. 
The reason this happens is that the mechanical link- 
age attached to the shaft incorporates the mechanical 
feedback, or follow-up linkage action we have just 
discussed. 


Action of the elevon cylinder reverses the initial move- 
ment of the control valve by the pilot through this 
feedback action. The elevon remains in the new posi- 
tion until the pilot again moves the control stick, at 
which time the cycle of motion and stabilization at 
another position is again accomplished. When the 
control valve spools return to neutral, they port an 
equal though restricted flow to both sides of the cyl- 
іпдег pistons, thus locking both pistons in the actu- 
ating cylinders so that they are immovable and hold 
the control surface rigidly in position. 


DAMPING CONTROL OF THE ELEVONS. 

Аз you know, damping control of the elevons occurs 
when the manual mode is engaged. In this mode of 
control, the pilot does not have to correct for slight 
pitch variations to maintain stability. Control move- 
ments are made to some degree by signals from the 
damping system. This damping system moves the ele- 
vons through the servo actuator to correct stabilization 
before the pilot knows correction is needed. 
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Figure 3-13. Elevon Mechanical Linkage Action—Feedback Motion 


Аз you can see in figure 3-14, our control shaft now 
has another component. This is the servo actuator 
which is attached to the control valve. The servo 
actuator receives signals from the damping system and 
converts them into control motion which counteracts 
pitch motion to some degree. When only the pilot 
has. control of the airplane, the servo actuator is rigid 
because the servo actuator shutoff valve is closed. 


As you remember, when the servo shutoff valve is 
closed, the servo actuator is hydraulically locked іп 
one position. Ас that time, since it is not functioning 
hydraulically, it acts merely as part of the straight 
shaft, or rigid link, between the mechanical linkage 
and the control valve. But now in the manual mode, 
it is serving to dampen pitch motion by moving the 
control surfaces. To do this, it is hydraulically ener- 
gized by the opening of the servo actuator shutoff 
valve. When hydraulically energized, it is free to 
move and has hydraulic power to answer damping 
signals from the damping system. 


These damping signals cause the servo actuator to 
displace the control valve partially and thus move 
the elevons for any corrective stabilization. At high 
speeds їс is very easy for the pilot to overcontrol too 
much in the opposite direction when he corrects 


flight attitude. So the damping system counteracts 
slight pitch motion by moving the control valve 
through the movement of the servo actuator. 


This damping control action of the servo actuator, 
however, does not mean that the pilot does not fly 
the airplane. He does, as in direct manual mode; but 
instead of having to correct for minor stabilization 
variations, the damping system relieves him of this 
task by sending signals to the servo actuator. 


Servo Actuator. 


Figure 3-15 shows the servo actuator as it appears in 
the control shaft. This actuator is comprised of а 
spring-loaded pilot spool, a spring-loaded slave pis- 
ton, an electrical torque motor, and flow passage 
restrictors. In figure 3-15 note how the shaft connects 
to the elevon control valve. This shaft is part of the 
slave piston shown in the lower schematic view. When 
signals come from the damping system, chis shaft can 
move either in or about 0.045 inch maximum depend- 
ing on the corrective signal received. This 0.045 inch 
movement can displace the control valve spools about 
1/8 inch, ог 1/16 inch on either side of neutral. Thus 
you can see that this valve will affect elevon movement 
only to a very small degree (about one degree on each 
side of neutral). 
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Figure 3-14. Elevon Hydraulic Damping Control Diagram 


The other (aft) end of the servo actuator is rigidly 
connected to the control shaft so that pilot initiated 
motion of the elevons still displaces the contro] valve 
as in the direct manual mode. On top of the actuator 
is the torque motor that receives the corrective signals 
from the damper system. 


SERVO ACTUATOR OPERATION. You learned 
earlier that the servo actuator cannot be energized 
hydraulically unless the shutoff valve is energized. So 
now in this вапна! mode the shutoff valve is open, 
and the servo actuator is energized hydraulically and 
is free to answer electrical signals from the damping 
system to control flight. 


The servo actuator is shown in the zemtral position 
in the schematic diagram on figure 3-15. Моге that 
hydraulic pressure entering the actuator bleeds in 
around the center portion of the pilot 5роо! and goes 
to the two nozzles at the flapper. When the torque 
motor is de-energized (no signal from the damping 
system), the Йаррег is an equal distance from the two 
nozzles. Pressure bleeds through the two nozzles then 
passes on out the return outlet. 


However, when the damper system sends an electrical 
signal to the torque motor, the torque motor moves 
the flapper toward one of the two nozzles in an 
amount equal to the intensity (voltage) of the signal. 
As the flapper moves toward a nozzle, a fluid pressure 
unbalance is set up at the pilot spool, thus causing che 
pilot spool to move to one side. The pressure unbal- 
ance is set up because a back pressure is created аг 
the restricted nozzle. As an example of this pressure 
unbalance at the pilot spool, let’s suppose that the 
torque motor moved the flapper against che right noz- 
zle. This flapper then restricts flow chrough the right 
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nozzle, and at the same time in moving away from the 
left nozzle allows more flow through. it. Pressure in 
the passageway between the restricted right nozzle and 
the right end of the pilot spool is increased because of 
this restriction. 1 


"This pressure increase causes the pilot spool to move to 
the left against the spring. Pressure which in neutral 
bled past both sides of the pilot spool, now is diverted 
exclusively to the right end of the slave piston causing 
it to move to the left. Тће resultant motion of the slave 
piston which is part of the servo actuator shaft moves 
the control valve spools away from zentral. This con- 
trol valve repositioning admits fluid pressure to, and 
ports return fluid from, the appropriate sides of che 
elevon actuating cylinders. The elevon is thus moved 
to its new position to correct flight attitude. 


As the elevon actuating cylinders move, the feedback 
potentiometer connected to the cylinder (figure 3-11) 
sends another electrical signal to the damping system. 
Тһе зідпа! intensity depends upon the distance the 
cylinder moves. This second signal is of opposite elec- 
trical sign to che first signal and tends to null it out. 
The second signal thereby rapidly reduces che differ- 
ential current (opposite current) to the torque motor 
to zero. As the two signals balance they move the servo 
actuator flapper towards neutral. 


When the two signals are completely balanced, the flap- 
per has returned to neutral, again equalizing the fluid 
pressure on both sides of the pilot spool, chus causing 
the servo actuator slave piston to return to neutral. 
Consequently, the control valve spools have also been 
returned to neutral, but the elevon actuators have been 
locked in the new position called for by the original 
input signal to the torque motor. The elevon actuators 
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Figure 3-15. Elevon Servo Actuator 


stay in the new position because the return side of the 
control valve spools are at neutral, thus locking the 
fluid on each side of the actuating cylinder pistons. 


The only way the actuating cylinders can move further 
out, or back to neutral, is for the control valve to move 
again, so as to direct fluid pressure to the appropriate 
sides of their pistons. This control valve action, as you 
know, can either be originated by damping signals 
through the servo actuator or by pilot initiated 
motion. 


In several instances, this chapter of che hydraulic man- 
ual has mentioned the electrical signal which control 
the hydraulic system for the control surface damping 
action. Because of the complexity of the electrical net- 
works which control the pitch and yaw damper system 
and the pilot assist system, the circuits are not intro- 
duced in this manual. For a complete and comprehen- 
sive coverage of these circuits, refer to chapters 4 and 5 
of the Flight Control Training Supplement. 


MAINTENANCE. If the servo actuator does not func- 
tion properly, or not at all, first check to see if signals 
are being received from the damping system. To do 
this, you should check with the maintenance personnel 
in charge of the automatic flight control. equipment. 


They can tell you if signals are arriving at the servo 
actuator. If signals are being received, then the trouble 
is in the actuator. In this case you would replace the 
entire servo actuator assembly. Troubles in the actu- 
ator would either be electrical or hydraulic. 


If the electrical circuitry and torque motor are satis- 
factory, and the secondary hydraulic system is deliver- 
ing proper fluid pressure to the servo, then leaks or 
restrictions within the servo would cause the trouble. 
If exterior leaks are causing actuator malfunction you 
may be able to correct the difficulty without replacing 
the actuator. If a leak is discovered in the fittings, 
remember to return the hydraulic pressure to zero 
before attempting to tighten or replace the fittings. 
A fitting could crack while being tightened and cause 
personal injury if the line were pressurized. 


То remove a faulty servo actuator, you must first 
return the hydraulic system pressure to zero. Then dis- 
connect the two flex hoses from the servo, disconnect 
the electrical fitting, and remove the bolt connecting 
the push-pull shaft to the control valve mechanism. 
After everything has been disconnected, remove the 
servo by unscrewing the knurled collar nut from the 
back end of the assembly. 
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Figure 3-16. Elevon Hydraulic Pilot Assist Diagram 


Before installing che new unit, you must first install 
two rigging pins in the system linkage. The forward 
pin inserts in the rigging pin holes in the control 
valve quadrant. These pin holes are located in the 
forks immediately above the point where the servo 
push-pull shaft connects to the elevon contro! valve, 
as shown in figure 3-8. To install the aft rigging pin 
you must first remove the upper push-pull rod con- 
necting bolt from the aft elevon bellcrank assembly 
attached to the elevon horn. 


With the bolt removed and the elevons in the neutral 
position, you can push the rigging pin through the 
bellcrank and rod until it enters the hole in the end 
of the elevon horn pivot bolt outboard of the bell- 
crank. Now you can install the servo assembly on the 
end of the push-pull control shaft and safety wire the 
knurled collar. With the rigging pins still in place, 
you then connect the actuator shaft to the control 
valve quadrant. If the actuator shaft connecting point 
is too far forward or too far aft, making it difficult to 
install che bolt, loosen the lock nut on the shaft and 
adjust its length to suit so that the connecting bolt can 
be installed. Don't forget to tighten and re-safety the 
lock nut. Then attach the flex hoses and the electrical 
connector and remove the rigging pins. Again be sure 
to refer to your Е-102А Maintenance Manual (Т.О. 
1F-102A-2-3) for the step-by-step instructions on actu- 
ator replacement and check-out procedures for the 
system. 


PILOT ASSIST CONTROL OF THE ELEVONS. 


In the plot assist mode of flight control we have an- 
other unit added to the elevon control system—the 
lockout valve. You will recall in the discussion of the 
pilot's direct contro! of the elevons that we considered 
the shaft as a solid link between the aft bellcrank and 
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control valve, and showed it as such in figures 3-3 and 
3-10. Then in manual mode another hydraulic unit 
was added—the servo actuator. In figure 3-16 you can 
see this last component that is being added—the lock- 
out valve. Note that the control shaft has been 
Changed to include a yoke. This yoke surrounds the 
lockout valve which is fastened to the airplane struc- 
ture, and does not touch the valve when the airplane 
is being flown directly by the pilot or when being 
damped in the manual mode. 


When the pilot assist system is engaged, however, this 
valve is energized hydraulically and extends two 
plungers that lock the control shaft so that pilot initi- 
ated motion of the control stick cannot move the shaft 
(figure 3-17). Control of the elevons then comes from 
the pilot assist system and corrections the pilot makes 
by the use of an electrical switch on the control stick. 
This pilot assist mode is similar in operation to that 
described in manual mode, except that it covers а 
wider range of control. 


Elevon Lockout Valve and Yoke. 


Figure 3-17 shows the lockout valve installed. Note 
how it extends up from the airplane structure and 
through the yoke of the control shaft. This valve can- 
not be energized hydraulically unless the pilot assist 
system is engaged. The shutoff valve which hydrau- 
lically energized the servo actuator also routes hydrau- 
lic pressure to the lockout valve (figure 3-10). The 
lockout valve consists of a lockout valve solenoid and 
two plungers, illustrated in figures 3-3, 3-6 and 3-10. 


When the pilot assist system is engaged, the solenoid 
is energized and allows hydraulic fluid to enter the 
lower part of the lockout valve. This hydraulic pres- 
sure extends the two plungers that lock the control 
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Figure 3-17. Elevon Lockout Valve and Yoke 


shaft so that motion is not transmitted from the con- 
trol stick to the elevon control valves. The pilot can, 
however, overpower this valve when necessary by ex- 
erting approximately 20 pounds overcontrol to the 
stick. 


The maintenance of this valve is comparatively simple. 
If the plungers do not extend when the pilot assist 
system is engaged, or do not retract when the system is 
disengaged, you should first determine that power is 
reaching the solenoid for its operation. If power is at 
the solenoid, and if secondary hydraulic system pres- 
sure is up to standard, then the lockout valve is mal- 
functioning and will require replacement. Do not try 
to disassemble this valve to correct for malfunction- 
ing; instead replace it. 


This discussion of the lockout valve completes the 
units found in the elevon system, Now: let's take up 
the hydraulic section of the rudder control system. 


RUDDER HYDRAULIC SYSTEM. 


The rudder control hydraulic system is basically the 
sarne as the elevon control system, However, there is 
one main difference. This difference is that the rudder 
system does not incorporate a lockout valve; therefore 
the rudder is always at the command of the pilot 


regardless of the mode of flight. Figure 3-18 shows all 
the components of the rudder hydraulic control sys- 
tem, in addition to other components of the rudder 
system, in the area at the base of the vertical stabilizer 
(fin). These rudder hydraulic system components in- 
clude the rudder actuating cylinder, control valve, 
servo actuatot, and servo actuator shutoff valve. For a 
more detailed view of the complete rudder system 
from the rudder pedals back, don't forget to refer to 
figure 3-4. The components operate on hydraulic 
power furnished by both che primary and the second- 
ary hydraulic power supply systems. 


In figure 3-18, note that the control valve and rudder 
actuator are incorporated within the same casting. 
These two units have interconnecting fluid passages 
between them. Note, too, that the servo actuator and 
shutoff valve are also one unit, and this unit is attached 
to the actuating cylinder-control valve assembly so 
that the rudder hydraulic system components are all 
contained within one package. Note in figure 3-4 how 
the rudder actuator attaches to the rudder horn. This 
rod is part of the actuator case. Тһе piston rod, which 
moves in and out of the cylinder, is at the forward 
end of the actuator. (Refer to figure 3-4 for a better 
view.) The end of this rod attaches to the airplane 
structure so that when the cylinder actuates, the entire 
rudder package moves to displace the rudder. The four 
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Figure 3-18. Rudder Hydraulic Control System Components 


hydraulic lines (primary and secondary system) shown 
at the top of the actuating package are flex lines to 
permit the package to move. 


HYDRAULIC SYSTEM OPERATION. 


Тһе hydraulic operation of the rudder system is di- 
rectly affected by only two of the three modes of flight 
control—direct manual and manual—that you learned 
about in the elevon hydraulic system section earlier in 
this chapter. This system is indirectly affected by che 
third тоде—раог assist, When in direct manual mode, 
the control valve and rudder actuator move the rudder 
surface. When іп the manual mode, the servo actuator 
moves the control valve and actuator to effect slight 
movement of che rudder surface in correcting for yaw 
stabilization. 
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Engagement of the pilot assist system does not directly 
affect the rudder hydraulic system operation; instead 
the pilot assisc system sends signals only to the pitch 
damper system for either pitch (elevator) or roll 
(aileron) control of the elevon surfaces. The turn 
coordination feature of che yaw damper system (mian- 
ual mode) is still in effect in pilot assist. Therefore, 
aileron movement of the elevons, as a result of pilot 
assist signals, causes an aileron position potentiometer 
to send signals to the yaw damper system. Thus the 
rudder moves indirectly as a result of pilot assist 
signals being applied to aileron control. 


The schematic diagram in figure 3-19 shows the entire 


rudder hydraulic system. This system is contained in: 


the rudder package previously described. Note the pas- 
sages that route the flow of primary and secondary 
hydraulic system fluid from the control valve to the 
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Figure 3-19. Rudder Hydraulic System Schematic 
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Figure 3-20. Rudder Mechanical Linkage Action—lInitia! Motion 


appropriate sides of che rudder actuator pistons. Fol- 
lowing the flow of fluid in figure 3-19 you can see that, 
like the elevon system, the primary system fluid 
powers—via one side of the control valve—only the 
aft side of the rudder actuator. The secondary system 
fluid powers the other (forward) side of the rudder 
actuator cylinder, also by way of the control valve. 
Тһе secondary hydraulic system also supplies the hy- 
draulic power needed for the operation of the servo 
actuator. 


'The side of each rudder actuator piston to which the 
primary and secondary system fluid is delivered de- 
pends on the direction in which the control valve 
spool is moved. Unlike the elevon actuators, the rudder 
actuator is of a balanced design so that an equal 
piston area exists on both sides of both pistons, as 
shown in figure 3-19. Therefore, equal reaction to 
hydraulic control forces is obtained in either direction. 
Since the piston rod of the rudder actuator is attached 
to the airplane structure and the cylinder body is 
attached to the rudder horn, hydraulic force applied 
to the actuator extends or retracts the actuator on its 
own shaft, causing the actuator cylinder itself to move 
the rudder. For clarity of rudder hydraulic system 
operation, we will discuss the control valve, actuating 
Cylinder, and servo actuator as separate units. 
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The Contro! Valve and Actuating Cylinder. 


Тһе rudder control valve cylinder is divided into two 
sections, one for control of primary system fluid and 
one for control of secondary system fluid to their cor- 
responding sections in the rudder actuator. On the 
rudder hydraulic system schematic (figure 3-19) note 
that the arrangement of the two control valves is the 
Same as the actuator; that is, chey are in tandem. This 
arrangement allows the movement of one double 
spool through both sections of the valve cylinder. 
Fore and aft movement of the spool in the control 
valve cylinder routes the fluid of both systems to the 
rudder actuating cylinder by way of drilled passages 
in the actuator casting. 


Figures 3-20 and 3-21 show how the mechanical link- 
age connected to the rudder control valve and actuator 
operates. Figure 3-20 shows how initia] motion, origi- 
nated at the rudder pedals, moves the control valve 
spool which in turn moves the rudder. Figure 3-21 
shows how feedback returns the control valve to neu- 
tral. When the pilot moves his rudder pedals in one 
direction or the other, motion is transmitted through 
the control linkage to the bellcrank shown in figure 
3-20. This bellcrank pivots on the aft end of the servo 
actuator shaft (point 1). The bellcrank pivoting action 
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Figure 3-21. Rudder Mechanical Linkage Action—Feedback Motion Indirect Manual Mode 


moves the upper end of the control and feedback 
linkage bar attached to it. 


The control and feedback linkage bar pivots about its 
attach point (1) at the rudder actuator cylinder body. 
This pivoting action moves the short arm of the bar 
that you see attached to the control valve spool, thus 
displacing the control valve spool to the right. De- 
pending on which direction the pilot moves his pedals, 
the control valve spool either moves іп or out of the 
control valve. This contro] valve movement opens the 
internal passages to permit fluid pressure from both 
systems to enter the rudder actuator and move the 
rudder in a direction corresponding to the rudder 
pedal movement. 


Now note in figure 3-21 the point where the control 
linkage to the pilot’s pedals attaches to the bellcrank 
of the mechanical linkage (point 2). The pilot has 
stopped his pedals somewhere away from their neutral 
position, and is holding them there. So now, as the 
control valve is carried forward with the rudder actu- 
ating cylinder and body, the control and feedback 
linkage bar is pivoting at its attach point on the rigid 
bellcrank (point 3). This feedback bar is also pivoting 
at the point where it is attached to the body of the 
actuating cylinder (point 1). 


As the actuating cylinder and body moves forward, the 
short arm on the bar gradually moves the control valve 
spool back to neutral. When the rudder finally reaches 
the new position that corresponds to the position 
being held by the rudder pedals, the control valve 
spool has completely returned to neutral and has closed 


off hydraulic pressure supply to the rudder actuating, 


cylinder. У/Беп neutralized, the control valve also pro- 
vides a hydraulic lock to hold the actuating cylinder 
in the new position. This position can be changed only 
by repeating the cycle of operation just described. 


Since the control valve is incorporated within the cast- 
ing of the actuator cylinder, malfunctioning of either 
section will necessitate replacement of the entire unit. 
If contre’ surface motion becomes sluggish, and test 
stand hydraulic pressure is correct, the control.valve is 
the most likely unit to be at fault. Àn inspection of the 
valve for evidence of clogged element screens or par- 
ticles of foreign matter із indicated if the above mal- 
function occurs. There is also the possibility that an 
O-ring is faulty: The latter is true also if leakage is 
noted around the rudder actuator cylinder. Air in the 
system will also cause malfunctioning. If air is present 
in the system, it must be bled off by repeated cycling 
of the rudder system. 
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Servo Actuator. 


As in the elevon system, the servo actuator is used for 
modes of control other than direct manual. However, 
there are actually only two modes of control that the 
rudder is directly operated in—the direct mannal mode 
and the manual mode. In the third mode—pilot assist 
—the rudder is moved indirectly by signals sent from 
the aileron position potentiometer through the pilot 
assist system. In both manual and pilot assist modes 
signals from these systems go to the servo actuator. 
Since the rudder system does not incorporate a lockout 
valve, the hydraulic operation is the same for both 
modes. 


We have just discussed the direct manual mode of 
operation in which the servo actuator is locked in a 
rigid position, and serves as a pivot point for part of 
the mechanical linkage. Now we wil! see in the fol- 
lowing illustrations and discussion how the linkage 
moves in the manual and pilot assist modes of opera- 
tion. In these modes of operation che pilot does not 
move his rudder pedals. Instead, the yaw damper sys- 
tem (in manual and pilot assist modes) sends signals 
to the servo actuator which in turn controls the dis- 
placement of che rudder control valve. 


As previously mentioned, a comprehensive coverage of 
the electrical control circuits for the pitch and yaw 
damper system and the pilot assist system is given in 
the Training Supplement on the Е-102А Flight Con- 
trol System. Since the rudder linkage is spring-loaded 
to neutral, as shown in figure 3-18, the point where 
the pilot control push-pull linkage connecrs to the 
belicrank of the rudder linkage (point 2) serves in 
these modes as a pivot point, except when che pilot 
overrides or boosts rudder motion while the servo 
actuator is in service. In that instance, the pivot point 
would vary between the top and bottom of the bell- 
crank (either point 2 or point 3). 


The servo actuator is bolted to the rudder actuating 
cylinder casting and is controlled by a solenoid-oper- 
ated, three-way servo actuator shutoff valve. This shut- 
off valve is located between the servo actuator and the 
secondary hydraulic system pressure line to the control 
valve. Ás you can see, the servo actuator shown in 
figure 3-22 is che same internally as the elevon servo 
actuators shown in figure 3-15. It is comprised of а 
spring-loaded pilot spool, a spring-loaded slave piston 
or spool, flow passage restrictors, and an electrical 
torque motor. Тће servo actuator is energized hydrau- 
lically through its shutoff valve when the pilot selects 
the manual or pilot assist mode of operation. After it 
is energized hydraulically it can then respond to elec- 
сгісаї signals from the yaw damper system. 


'The yaw damper system signals cause the servo actu- 
ator to operate hydraulically in the same manner as the 
elevon servo actuator. When these signals move the 
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servo actuator piston, the piston ram moves the rud- 
der bellcrank to pivot it off the pilot-held push rod 
(point 2). You can see in figure 3-23 how the bellcrank 
then moves the attached control and feedback bar to 
operate the control valve spool as described in direct 
manual mode. The servo actuator accomplishes this 
action as follows: signals from the damper system 
energize the torque motor which in turn moves che 
flapper, shown on figure 3-22, toward one nozzle or 
the other in an amount depending on the intensity 
(voltage) of the signal. 


As the flapper moves toward a nozzle, a fluid pressure 
unbalance is set up at the pilot spool. This pressure 
unbalance causes the servo actuator pilot spool to move 
in the desired direction to port fluid pressure to the 
correct side of the servo actuator slave piston or spool, 
and to port fluid from the other side of the piston to 
return. Consequent motion of the servo actuator slave 
piston pivots the system bellcrank and feedback link- 
age bar to position the control valve spool away from 
neutral. The control valve repositioning admits fluid 
pressure to, and ports return fluid from, the appro- 
priate sides of the rudder actuating cylinder piston. 
The rudder actuator chen moves the rudder to the new 
position. 


As the rudder actuator moves, a feedback potentiom- 
eter connected го it sends another electrical signal, (һе 
voltage of which is determined by the amount of 
actuator displacement, to the yaw damper system. This 
second signal is of opposite electrical sign to the first 
signal and tends to null it out. The second signal 
thereby rapidly reduces the first signal to the torque 
motor to zero. Аз the two signals balance, chey move 
the flapper towards neutral. When the two signals are 
completely balanced, the flapper is again at neutral 
and equalizing che fluid pressure, thus causing the 
servo actuator pilot spool and slave piston to also 
return co neutral, 


The control valve has also been returned to neutral by 
reverse action of the linkage, but the rudder actuator 
has been locked in the new position called for by che 
original input signal to the torque motor, The effect 
on the mechanical linkage is indicated by arrows in 
figure 3-24. As you can see, the push rod from the 
pilot's controls has not moved, so the bellcrank pivots 
at that connection (point 2), The servo actuator ram 
retracts to draw the lower end of the bellcrank back to 
із original position. This action makes the control and 
feedback bar also travel back to its original position, 
pivoting at both of its ends (points 1 and 3). 


Of course, as the actuator assembly moves in response 
to the hydraulic actuation force, you can see that it 
will also contribute to the feedback action of the con- 
trol and feedback bar, as described in the manual mode 
condition of control. The rudder actuator stays in the 
new position that has been established, because return 
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Figure 3-22. Rudder Servo Actuator 
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of the control valve to neutral releases and then main- 
tains a restricted but equal amount of pressurized fluid 
to each side of the actuator pistons. This locks the 
actuator immovably in its new position and the only 
way it can be reposicioned is со again move the control 
valve spools. 


MAINTENANCE. 


During maintenance of the rudder hydraulic system, 
here are a few points to bear in mind. А faulty servo 
actuator will cause the control surface to jump instead 
of moving in a smooth motion. This condition can be 
caused by improper rigging, or mechanical interfer- 
ence. After checking for the two latter conditions, 
Check for air in the servo actuator by cycling the rud- 
der actuating cylinder through its limits until any air 
that exists in the system is bled off. If this does not 
correct the condition, the servo actuator is probably 
faulty and must be replaced. You must remember that 
when any hydraulic lines are disconnected for com- 


HYDRAULIC SYSTEM 


ponent replacement or for any other reason, the rudder 
hydraulic system must be bled of air. 


Faulty electrical circuits to the servo actuator shutoff 
valve, or a faulty shutoff valve, may prevent release of 
hydraulic power to the servo actuator. À continuity 
check of the electrical system will help to determine 
if this is the trouble. Ап indication of a trouble of this 
type can be detected when the system engages, and 
then disengages, before it is supposed to. The least 
likely reason for this particular malfunction would be 
air in the hydraulic fluid in the servo actuator. 


Always refer to your Maintenance Manual, Т.О. 1Е- 
102А-2-3, for instructions оп trouble shooting and 
checking out the rudder hydraulic system. You should 
also refer to the Maintenance Manual for specific in- 
structions on the replacement and adjustment of all 
components in this rudder system and the elevon hy- 
draulic system. 
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SUMMALY она 


Іп Chapter IJ you learned about the primary and sec- 
ondary hydraulic power systems and how they pro- 
duce fluid pressure for their operating subsystems. 
'Then in Chapter III you saw how the pressure from 
these two power sources operated the elevon and rud- 
der hydraulic subsystems. Now, in this chapter you 
will learn about the four subsystems and their com- 
ponents which are operated solely by the secondary 
hydraulic power system. 


These four subsystems consist of the main and позе 
landing gear hydraulic system, the nose wheel steer- 
damper hydraulic system, the speed brake hydraulic 
system, and the emergency a-c generator hydraulic 
system. АП mechanical and electrical phases that are 
associated with the above subsystems are mentioned 
or discussed as necessary so that you will better under- 
stand how the hydraulic systems function. 


Аз you know, this Maintenance Supplement is de- 
signed to give you the hydraulic systems and their 
operation, so if you wish to learn the mechanical and 
electrical aspects of these systems you can refer to 
other Maintenance Supplements in this Е-102А train- 
ing series. This final chapter is concluded with a dis- 
cussion of operational check-outs and what they have 
to offer you, the maintenance technician. 


LANDING GEAR HYDRAULIC SYSTEM. 


The landing gear hydraulic system, which is powered 
by the secondary hydraulic system, raises (retracts) and 
lowers (extends) the F-102A landing gear for normal 
operation. This system is controlled electrically by the 
Corresponding up and down movement of a control 
handle on the extreme left side of the instrument panel 
and just above the left console. The high pressure 
pneumatic system furnishes air pressure for emergency 
extension of che landing gear. Air pressure will not 


retract the gear, it must be done hydraulically. Emer- 
gency extension of the landing gear is controlled by a 
handle at the lower left of che instrument panel and 
inboard of the normal operating handle. Pulling this 
handle pneumatically extends the gears in an emer- 
gency when the secondary hydraulic system mal- 
functions. 


Тһе F-102A landing gears are much the same as the 
gears on all modern aircraft. This airplane uses the 
retractable tricycle-type of gear. The main gears retract 
inboard and up into whee! wells in the wing and 
fuselage; the nose gear retracts forward and up into 
the wheel well in the fuselage nose. The wheel on 
the nose gear is hydraulically turned for steering on 
the ground and is controlled by rudder pedal action. 
This steering system is discussed later in this chapter. 


Тһе landing gear hydraulic system—one of the five 
hydraulic subsystems оп the F-102A—consists of the 
main landing gear (MLG) hydraulic system and the 
nose landing gear (NLG) hydraulic system. Both of 
these systems function simultaneously and in an iden- 
tical manner. You may think of these two systems as 
being separated into three basic sections, or units; the 
actuating cylinders that raise and lower the gears, the 
actuating cylinders that open and close the gear doors, 
and the electrically-controlled selector valves that con- 
trol the hydraulic pressure to the gear and the door 
actuating cylinders. 


Four selector valves are used in the landing gear hy- 
draulic system, two in the main gear system and two 
in the nose gear system. One of the selector valves in 
each gear system controls fluid pressure to the gear 
actuating cylinders, while the other selector valve in 
each gear system controls pressure to the gear door 
actuating cylinders. 
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ELECTRICAL CONTROL OF THE LANDING 
GEAR HYDRAULIC SYSTEM. 


Mechanically actuated electrical limit switches control 
the selector valve operation and sequence the operation 
of the gears and gear doors during extension and 
retraction cycles. These limit switches are mounted in 
the main and nose wheel wells in such positions that 
they will be actuated by contact of the landing gear 
doors or the landing gear itself. As a result, when the 
landing gear control handle is moved to the gear-down 
position, electrical circuits are completed first to the 
door selector valve solenoids. 'The doors move down to 
the open position and actuate certain limit switches. 
These limit switches then complete electrical circuits 
to the landing gear selector valve solenoids. These 
selector valves then admit hydraulic pressure to the 
landing gear actuating cylinders to extend the gear. 
In other words, landing gear extension is delayed until 
the doors are open and a free path has been made for 
the gear. With the gears down and locked, electrical 
power remains on the selector valves so that the gear 
actuating cylinders are pressurized to hold the gears 
down and locked. 


Тһе retraction sequence of the landing gear doors is 
the reverse of extension, the gears retract, then the 
doors close. However, other limit switches open the 
electrical circuits to the gear and gear door actuating 
cylinder selector valves when the doors are closed. 
"Therefore, hydraulic pressure is not maintained in 
either the gear or gear door cylinders when the gears 
are up. 


GEAR AND GEAR DOOR UP-LOCK CONTROL. 


You are probably wondering by now what holds the 
landing gear and doors іп the closéd position. This 
lock control is accomplished in three different ways, 
The nose landing gear strut is held in the up position 
by an up-lock in the knuckle of its drag brace assem- 
bly. The lock engages and disengages due to initial 
motión of the actuating cylinder. This locking action 
is accomplished through the action of a bell crank 
mechanism on the gear trunnion which locks the gear 
in both the up and down position. 


The nose gear door actuating cylinder incorporates an 
internal mechanical (ball) lock within its cylinder 
head end; and when the door closes completely the 
lock within the door cylinder engages and supports the 
door in the closed position. Mechanical overcenter 
locks in the maia landing gear door mechanisms lock 
these doors in the closed position and hold the landing 
gear itself in the retracted position. 


Hydraulic pressure to the main landing gear actuating 
cylinders maintains the gears in the up position until 
their doors have completely closed and locked. Limit 
switches are then actuated by the doors to neutralize 
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both the gear and gear door selector valves. Neutraliz- 
ing of the selector valves shuts off hydraulic pressure 
to the door and gear actuating cylinders. 


Тһе bearing point of support for the main gears іп 
the retracted position is a Teflon (inert plastic) block 
attached to the wheel axle. This block bears on a plate 
attached to the inside center of each main gear door 
when hydraulic pressure is removed from the landing 
gear and gear door actuating cylinders. 


Тһе preceding discussion has familiarized you gener- 
ally with the F-102A landing gear system, and will 
help you in understanding the hydraulic system as we 
go through it in the following pages. This manual, as 
you know, is devoted to the hydraulic systems in the 
F-102A. If you wish to learn all the aspects of the 
landing gear system, refer to the Airplane General 
Maintenance Supplement of this training series. 


HYDRAULIC SYSTEM OPERATION. 


You learned in the preceding discussion that the land- 
ing gear hydraulic system is powered by the secondary 
hydraulic systems and is separated into three basic 
units; the selector valves, che gear door actuating cylin- 
ders, and gear actuating cylinders. Figure 4-1 shows 
the entire landing gear hydraulic system and these 
basic units together with their restrictor valves. In the 
schematic, note that che secondary hydraulic system 
pressure and return lines connect to each of the four 
selector valves. Since all four selector valves are iden- 
tical, only one valve is shown schematically to show 
flow through the valve. You will also note that each 
actuating cylinder has a restrictor valve in its two fluid 
lines, except the nose gear door cylinder. This cylin- 
der has a restrictor valve, a restrictor check valve, and 
a relief valve. The peculiarities of this particular sec- 
tion of ihe gear hydraulic system will be covered 
separately. 


Gear Down Operation, 


Secondary hydraulic system is always present at the 
four seleccor valves with the engine running. When 
the landing gear control handle is placed in the gear 
down position, the Мо. 2 solenoids on the MLG and 
NLG door selector valves are energized electrically 
and route pressurized fluid through the valves, as 
shown in'the typical MLG selector valve schematic 
(figure 4-1). When the Мо. 2 solenoid is energized, it 
pulls the pilot spool to the right and allows hydraulic 
pressure to go to the left side of slave piston. This 
pressure displaces the slave piston so that pressure can 
then pass through the valve to the actuating cylinder. 
Energizing Мо. 1 solenoid reverses the pilot spool 
position which in turn reverses the slave piston posi- 
tion so that pressure is routed to the other sidé of the 
actuating cylinder. With both solenoids de-energized, 
the pilot spool and slave piston return to their spring- 
loaded neutral position. 
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The pressure from the МІС door selector valve then 
goes to ће МІС door actuating cylinders (two оп each 
door) to retract the cylinders and open the doors. 
Pressure from the NLG door selector valve extends the 
nose gear door cylinder to open this door. The restric- 
tors іп the NLG and MLG door open and close lines 
limit the flow of fluid pressure to the actuating cylin- 
ders to control the speed of the door operation so that 
they will not "slam" open. 


When the gear doors reach their full open position, 
they mechanically actuate limit switches that energize 
their respective gear selector valves, Now, with the 
No. 2 solenoids in the NLG and MLG selector valves 
energized, fluid pressure flows throw the valves to 
extead the actuating cylinders and lower the three 
landing gears. Final action of the extending cylinders 
moves bell cranks on each gear to actuate the gear 
down locks. Restrictors in gear wp and down lines also 
control the speed of the gear operation. Hydraulic 
pressure remains: on the gears in the down position as 
long as pressure remains in the secondary system (en- 
gine running). 


Gear Up Operation. 


When the landing gear contro! handle is placed in the 
gear wp position, the No. 1 solenoids in the MLG and 
NLG selector valves are energized. These solenoids 
reverse the position of the pilot spool in each gear 
selector valve with the resultant repositioning of the 
slave pistons. The pilot spools and slave pistons are 
now to the extreme left (opposite the position in che 
schematic in figure 4-1). Pressure leaving the two 
gear selector valves retracts the gear actuating cylin- 
ders to raise the landing gear. (The initial movement 
of the gear cylinders unlocks the gear down-locks.) As 
the gears reach their full up position, they actuate 
limit switches which energize the Мо, 1 solenoids on 
the NLG and MLG door selector valves. 


The energizing of these solenoids permits fluid pres- 
sure to retract the nose gear door cylinder and close 
its door, and to extend the main gear door cylinders 
and close their doors. When the doors reach their fully 
closed and locked position, they actuate limit switches 
that de-energize all gear and gear door selector valve 
solenoids. De-energized, che selector valves return to 
neutral and shut off pressure to the gear and gear door 
cylinders. 


Nose Landing Gear Door Operation. 


As mentioned before, the nose gear door hydraulic 
circuit is different in that it contains a restrictor check 
valve and an inverted relief valve which the other gear 
and gear door circuits do пот. Figure 4-7 shows this 
nose gear door hydraulic circuit. Note the positions of 
these two additional units, опе in the down line and 
one іп the zp line. 
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When the left solenoid is energized for door open 
action, fluid pressure passes through the selector valve 
and into the down line. In the down line this pressure 
passes through the conventional restrictor, which lim- 
its the speed. of door operation, and up to the inverted 
relief valve. This inverted relief valve opens when 
down line pressure reaches 1500 psi. The 1500 psi of 
pressure is of sufficient force to move the “locking” 
balls in the door actuating cylinder to the unlocked 
position, With the piston unlocked, fluid pressure 
extends the piston and rod to open the gear door. 
Displaced return fluid in the cylinder passes through 
the restrictor check valve in the restricted direction, 
as noted on the schematic, then through the selector 
valve and into the secondary system return. 


Going back to the cylinder, note the spring-loaded 
pin at the “locking” balls and the shuttle valve, As 
door open pressure enters the cylinder it unseats the 
poppet above the pin and releases pressure on the 
switch attached to the left side of the cylinder. Actua- 
tion of this switch completes an electrical circuit to 
the gear selector valve. 


The shuttle valve is normally in the position shown 
in the schematic. When the landing gear is lowered 
during emergency operation (hydraulic system inoper- 
ative), high pressure air displaces «Бе shuttle valve so 
that it blocks the hydraulic down line and allows air 
pressure to open the nose gear door in the same man- 
ner as hydraulic pressure, When hydraulic pressure is 
again used to open the door, the shuttle valve is dis- 
placed back to its normal position. 


In closing the nose gear door, the right solenoid on 
the selector valve is energized and fluid pressure enters 
the wp line. Неге is where the restrictor check valve 
comes into action. Pressure entering this valve in the 
free flow direction unseats the tapered jet and allows 
full pressure to enter the cylinders. The free flow of 
full pressure is sufficient to force the piston into its 
locked position (locking balls moved to "locked" posi- 
tion). The retracting of the cylinder piston also pushes 
the spring-loaded pin down to actuate the attached 
switch and open the circuits to the gear and gear door 
selector valve solenoids. Wich the solenoids 4е-епег- 
gized, fluid pressure is removed from both the gear 
and gear door cylinders. The gear and gear door 
remain in the up and locked position until the gear 
door is opened. 


Emergency Operation. 


As you learned, emergency operation of the gears is 
controlled by pneumatic pressure. The pneumatic 
pressure line you see at each actuating cylinder in fig- 
ure 4-1, displaces shuttle valves at each of the cylinders 
and moves the cylinders to open the gear doors and 
lower the gears when the emergency gear down handle 


із pulled. Displaced fluid in each actuating cylinder 
passes through its respective selector valve, which is 
in neutral, and into the secondary system return line. 


'The nose landing gear door and gear are automat- 
ically sequenced by a pneumatic priority valve that 
directs inítial pneumatic pressure to the door actuating 
cylinder. Then when the door is open and pneumatic 
pressure has built up to about 850 psi, the priority 
valve unseats and pressure enters the nose gear strut 
actuating cylinder to extend the nose gear. 


Тһе main landing gear doors and gears are also auto- 
matically sequenced for emergency pneumatic орег- 
ation. А restrictor check valve in the pneumatic gear 
down line delays the gear actuating cylinder movement 
until the main gear doors have unlocked and opened. 
When the doors are opened air pressure then over- 
comes the restrictor check valve and lowers the main 
gear. 


Bleeding After Emergency Extension. 


Y'ou cannot retract the gear after an emergency exten- 
sion until you have placed the emergency gear con- 
trol handle in the full forward position. This vents 
pneumatic pressure from the actuating cylinders and 
emergency gear lines. You must then place the air- 
plane on jacks and operate the gear hydraulically 
through several cycles, using a hydraulic test stand. 
'This cycling repositions che shuttle valve, and bleeds 
all air from the actuating cylinders and the landing 
gear system hydraulic lines. 


Hydraulic System Components. 


In the preceding paragraphs of this chapter we dis- 
cussed what the various components in the gear 
hydraulic system do, but not the details of bow they 
function. The reason is that we all know the general 
function of the components and what they do in a 
system. For example, we know that in an automobile 
cylinder or a steam pump cylinder, the cylinder pro- 
vides a housing and guide for the piston; the piston 
is attached to a shaft that transfers work thrust to the 
object to be moved; and that a force—steam expansion, 
burning gas-air mixture, fluid pressure, and the like— 
is introduced to the cylinder to move the piston. 


However, the actuating cylinders and other compo- 
nents in this hydraulic subsystem have unique features 
which you need to know to understand better how 
the system operates. By knowing their details you will 
be better able to trouble shoot and maintain the sys- 
tem. All of che components in the landing gear hy- 
draulic subsystems are discussed in the following 
paragraphs. 


line Restrictors. 


Line restrictors are installed in each 2р and down line 


to control fluid flow to all landing gear door and gear . 


HYDRAULIC SYSTEM 


actuating cylinders. By controlling fluid flow, these 
restrictors regulate the speed of gear doors in opening 
and closing and gears in extending and rettacting. The 
restrictors in the main landing gear door and gear lines 
restrict fluid flow in both directions, and are in both 
lines to each actuating cylinder. Both nose landing 
gear line restrictors and the nose landing gear door 
open line restrictor function in the same manner as 
those in the main landing gear lines. One of these re- 
strictors is shown in figure 4-2 in the down line below 
the selector valve. Note that it has a narrower passage- 
way than the diameter of the lines on each end of it; 
it causes a restriction of fluid flow in both directions. 


Restrictor Check Valve. 


Only one restrictor check valve is used in the landing 
gear hydraulic system. T'his valve is shown in the nose 
gear door ир line in the schematic (figure 4-2). It is 
different from the other restrictor valves in that it pro- 
vides free flow in the line when the door is actuated to 
the closed position. Note the free flow direction in the 
Schematic. The reason for this free flow is to provide 
full pressure in the actuating cylinder when the door 
is closing, thus assuring that the locking mechanism 
will engage properly. This precludes the possibility of 
the lock in the cylinder not engaging fully. 


This cylinder locking action will be covered more 
fully when we discuss the nose gear door cylinder. The 
restrictor check valve restricts in the same manner as 
the other restrictors when the door is being actuated to 
the ореп position. This is due to the action of the 
spring-loaded jet assembly in the valve. Referring to 
figure 4-2 again, you can see that when fluid is passing 
through the restrictor check valve in the free flow 
direction, it will force the jet assembly from its seat— 
at the right hand side of the valve—and allow a free 
passage of fluid. When fluid is traveling in the other 
(restricted) direction, it forces che jet assembly against 
its seat, and leaves only a restricted passage for fluid 
flow. 


Inverted Relief Valve. 


Тһе inverted relief valve, shown on figure 4-2, serves 
two purposes. One purpose is to withhold fluid pres- 
sure from the nose gear door cylinder until a minimum 
of 1500 psi of pressure has built up in the down (door 
open) line. The other purpose is to prevent fluid back- 
pressure from unlocking the actuating cylinder lock 
mechanism. The inverted relief valve is che same as ап 
ordinary relief valve in that it stops fluid until a cer- 
tain pressure has built up, then it opens and allows 
fluid to pass. However, when this valve does allow the 
fluid to flow, it routes it to the pressure side of the 
nose gear door cylinder instead of to a return line as in 
a conventional installation. 


If you will recall, there is no hydraulic pressure in the 
cylinder when the door is in the closed position; so 
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Figure 4-2. Nose Landing Gear Door Hydraulic System 
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when the selector valve is energized, pressure is routed 
to the cylinder to open the door. However, the inverted 
relief valve in the line is spring-loaded to stop the fluid 
until the pressure has built up to 1500 psi at the valve. 
At 1500 psi the pressure forces the relief valve to open, 
allowing full system pressure to enter the cylinder that 
up to now has been unpressurized. This provides suf- 
ficient shock to force che poppet valve (a lift valve) in 
the lock mechanism to lift and allow the cylinder to 
open the nose gear door. 


Air-Hydraulic Shuttle Valves. 


Each actuating cylinder in the landing gear system 
has a shuttle valve attached to its door opez or gear 
down side. This valve, with its internal plug, is shown 
in figure 4-2. The normal position of the valve, as 
shown, provides for free passage of hydraulic fluid to 
the cylinder. Ас the same time, it blocks the passage 
of hydraulic fluid to the high pressure pneumatic line 
attached (о it, which is normally unpressurized. If 
hydraulic pressure is lost and the pilot is ready to land, 
he lowers the landing gear by actuating the emergency 
gear extend handle in the cockpit. This releases high 
pressure pneumatic system air pressure to the shuttle 
valves. The air pressure forces the line plugs in the 
shuttle valves over to the other end and then enters 
the actuating cylinders to open the gear doors and 
Iower the gears. These plugs, when displaced to the 
other end of the shuttle valves, serve in their new 
position to prevent air contamination of the rest of the 
hydraulic system. 


Referring again to figure 4-2, imagine the line plug 
at the lower end of the shuttle valve; in that position, 
you can see that it will stop air from entering the су!- 
inder hydraulic down line, and at the same time allow 
air to enter the cylinder. Аз the selector valves of the 
landing gear system are normally in their neutral 
position in flight, there is no fluid resistance on the 
return side of the actuating cylinder pistons when the 
air pressure actuates them. To insure that the selector 
valves will be in neutral to allow passage of return 
hydraulic fluid, provision is made for the emergency 
gear extend handle to open an emergency down 
switch. Opening of the switch removes electrical 
power from the entire landing gear circuit beyond the 
Switch so that all selector valves are de-energized. 


Selector Valves. 


Four solenoid-operated selector valves are employed in 
the landing gear hydraulic subsystem to control the 
flow of hydraulic pressure to either raise or lower the 
gear and to either close or open the gear doors. Of 
these four selector valves, one controls main gear 
operation, one controls main gear door operation, one 
controls nose gear operation, and the remaining -valve 
controls the nose gear door operation. 


HYDRAULIC SYSTEM 


'The main gear and gear door selector valves are adja- 
cent to each other on the aft bulkhead in the hydraulic 
accessory compartment. The door selector valve is 
below and outboard of the gear valve. The nose gear 
and gear door selector valves are also adjacent to each 
other on the nose wheel well bulkhead at the forward 
end of the nose gear drag strut. The door valve is out- 
board and to the left of the gear valve. 


Figure 4-3 shows a cutaway and operational schematic 
of one of these “four-way” selector valves. In the cut- 
away view you can see the solenoid at each end of the 
valve, the pressure and return ports, the two ports to 
the actuating cylinders, the pilot spool, and the slave 
piston. Note that the chree schematic views are actu- 
ally flat patterns of the cutaway. In details A, B, and 
C we will energize one solenoid and see how fluid 
pressure passes through the valve to pressurize one 
side of an actuating cylinder, and how displaced fluid 
from the cylinder is routed through the valve to system 
return. Energizing the other solenoid reverses the 
action of the valve and the flow of hydraulic fluid. 


Detail A shows the neutral position of the valve pilor 
spool and slave piston when neither solenoid is ener- 
gized. Note that system pressure is blocked at the pilot 
spool and cannot enter the valve. Note also that static 
fluid from both sides of the cylinders is connected со 
system return. This arrangement provides a return for 
the displaced fluid in the actuating cylinders when the 
valve is de-energized and the landing gear is lowered 
with emergency pneumatic pressure. When the right 
solenoid is energized, it pulls the pilot spool co the 
right as shown in detail В іп figure 4-3. 


Now you can see how movement of the pilot spool 
removes the "block" from the system pressure line at 
the top of the valve. The pressurized fluid is then free 
to move around and past the narrow throat of the 
spool and to enter the left end of the slave piston 
chamber. This pressure overpowers the right spring 
and pushes the piston to the right, as shown in detail 
C. Now, system pressure that was blocked at the center 
of the slave piston in detail B can pass around the nar- 
row part of the slave piston, as it did around the pilot 
spool, and enter the line to the actuating cylinder. 
Note that displacement of the slave piston also allows 
return fluid from the actuating cylinder to pass through 
the valve to the system return line at the top of the 
valve. 


Тһе pilot spool and slave piston will stay in che posi- 
tions shown in detail C as long as the right solenoid 
remains energized. When it is de-energized, the pilot 
spool and slave piston returns to the neutral position 
shown in detail А. If the left solenoid is energized 
instead of the right one which we have just discussed, 
the pilot spool and slave piston move in the opposite 
direction (to the left). This valve action routes system 
pressure to the opposite side of the actuating cylinder 
and routes cylinder return fluid chrough the left side 
of the valve to system return. 
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Figure 4-3. Landing Gear Selector Valve 
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Figure 4-4. Main Landing Gear Actuating Cylinder 


Main Landing Gear Actuating Cylinders. 


The main landing gear actuating cylinders retract to 
raise che landing gear and extend to lower the gear. 
Аз you will note on figure 4-4, the cylinder has an 
internal snubber (shock absorber) at each end. Тһе 
purpose of these snubbers is to relieve che shock of 
piston travel during extension or retraction of the 
piston shaft. Note on the illustration that the snubber 
on the right end shows an orifice (hole) drilled 
through its head to permit fluid to flow into the area 
between the snubber and the cylinder end cap. Also 
note the springs installed between the snubbers and 
the cylinder heads (caps). The snubber on the other 
end is similar in construction, but its orifice is not 
shown. The combined restraint of the fluid on the 
return side of the piston and the springs between the 
snubbers and the cylinder caps act against the hydrau- 
lic pressure on the piston. This causes che piston travel 
to be "snubbed" or slowed to an easy stop at each end 
of the stroke. 


In extending the main gear, pressure enters the shuttle 
valve, which is attached to the gear дош» port, and 
pushes the piston head to the right end to lower the 
gear. At the end of che piston shaft extend stroke the 
piston bead contacts the left end of the snubber and 
compresses the springs. Fluid trapped on the right side 


of the snubber piston bleeds through the orifice and 
adds its snubbing action. 


Snubbing action is the same on piston shaft retraction 
(gear-up), except that a spring inside the piston shaft 
contacts a boss to start the snubbing action. The bleed 
fitting on the right end provides a means of bleeding 
air from the area between che snubber piston and the 
cylinder cap. Since gear-down pressure enters the head 
end cap, no bleed fitting is necessary. Any air in this 
side is bled when the system is cycled through several 
operations. 


Main Landing Gear Door Actuating Cylinders. 


The main landing gear door cylinders are simple actu- 
ating cylinders that operate in a conventional manner. 
They retract to open the main gear doors and extend 
to close the doors. These cylinders consist of door open 
and door close ports, a piston and attached piston rod, 
and a housing or cylinder case. A shuttle valve is at- 
tached to the door open port so that either hydraulic 
pressure can open the doors in normal operation or air 
pressure can open the doors in emergency operation. 
There are two cylinders provided to actuate.each main 
landing gear door. They operate in the same manner 
as rhe simple cylinder described in Chapter I. Mechan- 
ical overcenter locks in the door actuating mechanism, 
which we discussed earlier, lock each main landing 
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Figure 4-5. Nose Landing Gear Actuating Cylinder 


gear door in its closed position. The overcenter locking 
mechanism of the doors also serves to hold the main 
landing gears in the retracted position. 


Nose Landing Gear Actuating Cylinder. 


Тһе nose landing gear actuating cylinder, shown іп 
figure 4-5, extends its piston rod to raise the nose gear, 
and retracts to lower the gear. This cylinder is similar 
jn construction to the main gear cylinder and offers 
snubbing action both in raising and lowering the gear. 


In figure 4-5, note the extension snubber and its 
spring, and the retraction snubber and its spring. 
When the piston and rod assembly extends to raise the 
gear, pressure entering the left fluid port unseats the 
retract snubber valve and pushes the piston in its 
extend direction. Trapped fluid between the piston 
and extension snubber pushes this snubber to the right 
past the right (gear down) fluid port so that the dis- 
placed fluid behind the piston can leave the cylinder 
through the right port. The piston contacts the exten- 
sion snubber in its final extension movement and com- 
presses the spring, thus producing a snubbing action 
for gear up operation. 


When the nose gear is lowered, pressure eriters the 
right fluid port and retracts the cylinder piston and 
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rod assembly. Pressure entering this port holds the 
extension snubber to the right until pressure is re- 
moved from this port (engine stopped or gear control 
handle is put in the ир position). As the piston ap- 
proaches its fully retracted position, the retract snub- 
ber contacts the boss inside the cylinder (as shown) 
and compresses the spring inside the piston rod to 
produce snubbing action. Since the piston itself has 
not reached its fully retracted position, it forces fluid 
through the orifice until it is fully retracted. Fluid 


passing through the orifice provides additional snub- 
bing action. 


The bleed port on the right end is provided to bleed 
the area between the extension snubber and the bear- 
ing. The air-hydraulic shuttle valve connects to the 
right (gear down) fluid port, so that the gear can be 
normally lowered with hydraulic pressure and lowered 
in an emergency with pneumatic pressure. Pneumatic 
action is the same as hydraulic in retracting the piston 
and rod assembly. 


Nose Landing Gear Door Actuating Cylinder. 


Тһе nose landing gear door actuating cylinder is also а 
double acting unit which reéracts to close the nose wheel 
door and extends to open the door. As mentioned in the 
earlier discussion on nose gear door operation, an 
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Figure 4-6. Nose Landing Gear Door Actuating Cylinder 


integral ball-locking device is incorporated in the 
cylinder to lock ic in the retracted (door closed) posi- 
tion. Аз you will note on figure 4-6, the lock consists 
essentially of a ball retainer sleeve, mounted in the 
cylinder head end cap, and six steel balls which are 
retained in holes drilled at an angle around the cir- 
cumference of the right end of the retainer. А spring- 
loaded switch pin within the retainer extends the full 
length of the retainer and through the cylinder end 
сар to actuate the limit switch assembly. 


When the poppet (lift) valve on the end of the piston 
is actuated by door open fluid pressure, the balls are 
free to travel inwards towards the switch pin. This 
action releases the lock, and therefore the piston. As 
the locking device releases, the switch pin serves to 
retain the steel balls in position for relocking. 


'The one-piece piston and rod assembly is machined 
internally to slide over the ball retainer sleeve, while 
the spring-loaded poppet slides inside the piston head. 
'The head of the poppet is machined to permit it to 
slide inside the ball retainer sleeve and over the end 
of the spring-loaded switch pin which actuates the 
attached switch assembly for electrical sequencing 
action of the nose gear. 


When door open pressure enters the left (head end) 
port, it enters with sufficient force to unseat the spring- 
loaded poppet and move it to the right. This allows 
the steel locking balls to drop into the retainer toward 
the switch pin and out of the annular groove on the 
inside of the piston head. With the poppet pushed 
against the spring inside che piston and rod assembly 
and the locking steel balls out of the piston head 
groove, the cylinder is now unlocked and pressure 
extends the piston rod to open che nose реаг door. Аг 


the same time that the poppet unseats, the spring- 
loaded switch pin retracts so that the switch assembly 
can complete a circuit to the NLG selector valve. 


In retracting to close the nose gear door, the piston 
head firse slides over the retainer; then the poppet 
pushes the steel balls up and into the piston head 
annular groove. The steel balls are now partly in the 
retainer and partly in the piston head so that che cyl- 
inder piston and consequently the nose gear door are 
locked. As before, simultaneous action happens at the 
switch pin. The poppet pushes this pin to open the 
circuit to the NLG selector valve. Although not in- 
cluded on this cylinder cutaway, the air-hydraulic 
shuttle valve attachment is shown schernatically on 
figure 4-2. 


MAINTENANCE. 


Maintenance of the landing gear hydraulic system is 
much the same as any other hydraulic subsystem. It 
involves periodic inspection to determine that all units 
are secure, clean, free of leaks, and are lubricated 
where required. Maintenance of the system also re- 
quires that you trouble shoot for any malfunction the 


ilot may report or you detect in your inspections, and ' ` 
y y y 


for the correction of these malfunctions, Preventative 
maintenance—the detecting and correcting of a mal- 
function before it occurs—is the best maintenance. 


Тһе Е-102А maintenance manual, Т.О. 1Е-102А-2-8, 
provides you with trouble shooting charts which in- 
clude troubles, possible causes, and the correction. 
This manual also gives you step-by-step procedures for 
replacing, adjusting, and testing the various compo- 
nents in the system. However, your proficiency in 
maintaining the landing gear hydraulic system is by 
“doing.” 
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The following paragraphs give you some of the gen- 
eral troubles that could be encountered; then with 
your knowledge of the system and its components, 
the maintenance manual instructions, and your experi- 
ence by "doing," you soon recognize a malfunction 
and know just what to do to remedy the situation. 
Whenever you have a reported malfunction, it is best 
to jack the airplane and operate the landing gear. In 
this way you can see just what is happening. 


Hydraulic system malfunctions are usually confined to 
lack of system pressure; leaks (both external and in- 
ternal); air in the system; an inoperative unit; or some 
connecting mechanical or electrical system malfunc- 
tion. In trouble shooting this system always check the 
easiest and most obvious cause first, then by the process 
of elimination you can pur your finger right at the 
cause. V/henever you have a malfunction, first analyze 
what could cause the trouble, then proceed. 


External leaks are the most obvious of any malfunc- 
tion. Usually they can be corrected by tightening a 
fitting. However, if external leaks exist at a unit where 
tightening is not the corrective measure, then replace 
the unit. Do not try to ovérhaul it. In correcting 
external leaks at fittings always use two wrenches, one 
on the unit fitting and one on the line fitting. If two 
wrenches are not used, you will put a биш into the 
line which can cause an early failure or additional 
leaks. 


Interna! leaks in the operating units are not always so 
easy to detect. They usually are indicated either by a 
slow or spongy actuation of the system or by "creep- 
ing." However, since air in the hydraulic system can 
give similar indications, first check for air before 
replacing any units. Áir in the system is removed by 
cycling the landing gear several times until all fluid 
has completely circulated through the pumps and 
reservoir, and then bleeding the air from the reservoir. 


ТЕ you encounter а malfunction where one or all of 
the landing gears will not operate, first analyze the 
cause. If all gears are inoperative, then check for a 
central cause. Check (Бас you have full system pressure, 
that control handles are positioned correctly, that elec- 
trical power is reaching the selector valve solenoids, 
and that the landing gear ground lock safety pins are 
removed. Usually one of the above is the cause for 
complete system malfunctioning. Should only one gear 
or gear door malfunction, then you know approxi- 
mately where the trouble lies. First check that there 
are no mechanical malfunctions, such as bent, dam- 
aged, or binding components. Then check that electri- 
cal power is reaching the selector valve. 


Assuming that the mechanical and electrical systems 
are satisfactory, you then know the trouble is in the 
hydraulic system. À completely inoperative gear or 
gear door is usually caused by a defective selector 
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valve. À slow or creeping component is usually due to 
leaks—internal or excernal—or to restricted passages. 
Replace the defective component. Sometimes you may 
replace several components in a system before you 
replace the defective unic. However, as you get to know 
the system better and have corrected any malfunction, 
you will soon рїп point the difficulty by the manner 
in which the system malfunctions. 


Remember, any time that you replace a landing gear 
hydraulic system component, you must place the air- 
plane on jacks, bleed the hydraulic system of air, and 
then check the gear for proper operation. 


THE LANDING GEAR CONTROL CIRCUITS. 


Тһе operation of the landing gear and gear doors is 
controlled electrically by the gear сопгго Вапа іе in 
the cockpit which the pilot positions to either the 
GEAR UP or GEAR DOWN position. (The rest of 
the system control is exercised by the landing gear and 
landing gear door position switches which sequence 
the retraction and extension operations after the pilot 
has positioned the control handle.) 


In this portion of Chapter IV, you will learn how the 
electrical circuits control the normal operation of the 
gear cycles and. how the emergency control circuit 
allows the gear to be retracted while the airplane is on 
the ground. First, however, let us take a look at the 
entire control circuit which sequences the retracting 
and extension cycles. 


In the schematic of the control circuit (figure 4-7), 
locate the power source. Note that all power for the 
landing gear electrical circuit is taken from the 28- 
volt d-c essential bus. As you have already learned, the 
Е-102А has both an essential and a non-essential 4-с 
bus. The essential bus supplies current only to those 
circuits that are considered essential to the safety and 
continued flight of the airplane, while the non-essen- 
tial bus supplies current to the other d-c circuits. 
Operation of the landing gear is necessary, of course, 
for the safety of the airplane. 


'The landing gear control circuit breaker (5-amp) is 
of the push-pull variety and is located on the forward 
auxiliary circuit breaker panel. This auxiliary panel is 
situated in the left side of the cockpit slightly above 
the cockpit floor at the forward end of the left console. 


Referring to figure 4-7, locate the four hydraulic selec- 
tor valves that contro! the fluid flow to the landing 
gear and gear door actuating cylinders. Note that each 
selector valve has two leads. Each lead takes care of 
one of the two solenoids on the valve. After locating 
the valves and their leads, locate each switch on the 
Schematic and note its name. These are the limit 
switches which sequence the gear and gear door oper- 
ations that were mentioned earlier in the hydraulic 
section. 
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Figure 4-7. Landing Gear Electrical Control Circuit 
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Figure 4-8. Landing Gear System Limit Switches 


The landing gear control handle is shown at the left 
side of figure 4-7. Note that control handle movement 
positions four switches inside the handle. Also locate 
the four relays in the schematic—the landing gear 
control relay, che emergency retract relay, the emer- 
gency extend relay, and the MLG down relay. Each 
of these system components will be discussed in the 
following paragraphs as we trace the current path 
during normal and emergency gear und gear door 
operations. Before we start on the different circuits, 
however, let's take a detailed look at the limit switches 
which act as the sensing elemenrs for che circuits. 


limit Switches. 


All aircraft electrical circuits are equipped with 
switches to provide a quick and efficient way of start- 
ing and stopping current flow. Although there are 
many different types of switches in the F-102A, the 
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two types used throughout the landing gear circuits 
are the pushbutton and the limit variety. Both types 
of switches are shown in figure 4-8. The limit switch 
shown in the upper view is more commonly referred to 
as a microswitch. When the operating plunger is 
pushed in, the three-bladed spring is pushed down 
and the contact point attached to the spring is sepa- 
rated from the fixed contact, this opens the switch and 
breaks the circuit. As the operating plunger is released, 
the movable contact springs back and positions against 
the fixed contact, this closes the swicch. 


The push button type of switch, shown in the lower 
view, is more-or-less self-explanatory. Note that the 
movable contact in the switch is attached directly to 
the pushbutton. As the button is pushed in, it com- 
presses the spring and forces the movable contact 
away from the stationary contact, and this action 


кг 
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breaks the circuit. Releasing the pushbutton allows the 
spring pressure to reposition the movable contact 
against the fixed contact and close the circuit. 


MLG DOOR CLOSED SWITCHES. Each MLG wheel 
well has a forward and aft MLG door closed switch 
located respectively on the forward and aft wheel well 
bulkheads as shown in figure 4-9. The МІС door 
closed switches are actuated by the door actuator cyl- 
inder bell crank arms in the up position. When actu- 
ated, the switches open the circuit to the up solenoids. 
This closes off hydraulic pressure to the gear when the 
doors are locked in the up position. The door closed 
switches аге also in the gear position indicating and 
warning circuit. In the door open position, the 
switches provide a current path ro the landing gear 
warning light. In the door closed position, they рго- 
vide a path to ground for the UP indicator current. 


МІС UP SWITCHES. The МІС up switches are 
located just aft of wing spar No. 3 in each wing wheel 
well and are actuated by the landing gear as it is 
retracted to the full-up position. The MLG up switches 
sequence the operation of the MLG and the MLG 
door selector valves by allowing power to the close 
side of the MLG door selector valve only after the gear 
is completely retracted. The switch also provides a 
path for power to the landing gear warning light until 
the gear is completely up. 


MLG DOOR OPEN SWITCHES. The MLG door open 
switches are located on the forward bulkhead of the 
main wheel wells and are actuated by the bell crank 
on the forward door actuating cylinders, as shown in 
view E of figure 4-9. In the door open position, these 
switches provide a path for power to the down side of 
the МІС selector valve. This action sequences the 
MLG selector valve to open only after the doors are 
fully open. 


MLG DOWN-AND-LOCKED SWITCHES. The MLG 
down-and-locked switches are located on the down- 
latch mechanism of the side brace of each MLG. These 
switches are actuated by the downlatch when it is in 
the latched position. The down-and-locked switches 
are in the position and warning circuit only. In the 
gear unlocked position, these switches provide a path 
for power to the gear warning light. In the gear 
locked position, the switches provide a ground for the 
DN (down) indicator in the MLG position indicating 
systems, 


NLG POSITION UP SWITCH. The NLG position up 
switch is located in the nose wheel well (NWW) оп 
the lower side of the cockpit floor and is actuated by 
the nose gear when it is in the fully retracted position. 
Тһе switch sequences the retract operation of the NLG 
and NLG door selector valves by providing a current 
path to the close side of the NWW door selector valve 
when the nose gear is fully retracted. In the gear up 
position, it also provides a path to ground for the 
NLG position indicator up circuit. 
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NLG POSITION DOWN SWITCH. The NLG posi- 
tion down switch is located in the wheel well on the 
canted bulkbead and is actuated by the steer-damper 
unit linkage when the gear is fully extended. The 
down position switch is in the position and warning 
circuit only. In the gear down position it provides a 
path to ground for the NLG down position indicator 
current. In the gear up position, the switch provides а 
current path to tbe landing gear warning light 
through the landing gear control handle switch. 


NLG LOCK SWITCH. The NLG lock switch is lo- 
cated on the nose landing gear up and down latch 
mechanism arid is actuated when the latch mechanism 
is locked in either gear up or gear down position. 
When the switch is in the gear locked position, it pro- 
vides a path for current to the close solenoid of the 
NLG door selector valve so that che NLG door will 
close only when the nose gear is fully retracted and 
locked. In the gear locked position, the switch also 
provides a path for the 28-volt, d-c power to the 
terminal of the NLG position indicator. When the 
switch is in the gear unlocked position (gear in 
transit), the switch also provides a current path to the 
warning light. 


NLG DOOR CYLINDER SWITCH. The NLG door 
cylinder switch is located on the upper end of the door 
cylinder and is actuated by a plunger from the in- 
ternal lock within the cylinder. The switch із thus 
actuated when the door is locked in the zp position. 
In the door unlocked position, the switch provides a 
path for current to both the NLG selector valve and 
the NLG door selector valve. When the door is locked, 
the switch contacts are opened thereby de-energizing 
the solenoids in the two selector valves. This closes off 
hydraulic power to the nose gear actuators. The door 
cylinder switch is also in the position and warning 
circuit, In the door unlocked position, the switch pro- 
vides a path for current to the warning light. In the 
locked position, the switch provides a current path to 
the solenoid of the NLG door position indicator relay. 
When this relay is energized through the cylinder 
switch, the 4f terminal of the indicator is connected 
to ground and will thus cause ап ир indication to 
appear on the indicator. 


NLG DOOR OPEN SWITCH. The NLG door open 
switch is located on the left side of the NLG beneath 
the door actuating arm. The switch is actuated by 
movement of the arm to the full open position. During 
the extend cycle the switch sequences the operation of 
the NLG selector valve to actuate after the NLG door 
is open. 


How The Electrical Circuit Controls 
The Gear Normal Retraction Operation. 


Now that you have a general idea of the location of 
the limit switches which are actuated by the landing 
gear and the landing gear doors, let's analyze the elec- 
trical circuit as the landing gear is being retracted. 
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You should keep in mind that there are more switches 
in the landing gear control circuits than those just 
discussed, but the rest of the switches will be described 
a5 we trace current paths through the circuit. 


Тһе electrical schematic іп figure 4-11 shows the posi- 
tion of the switches, relays, and controls when the 
landing gear handle is in the gear wp position, the 
landing gear doors are open, and the gears are re- 
tracting. The energized portion of the circuit is shown 
in dark lines. 


First, locate the 28-volt d-c essential bus and the 5-amp 
circuit breaker. In tracing the current path from the 
essential bus, note that it travels through the circuit 
breaker and then through the emergency control valve 
switch. This control valve switch must be closed for 
all operations of the landing system except gear emer- 
gency extension. The function of this switch will be 
discussed in greater detail later. 


Following the energized portion of the circuit from 
the circuit breaker, note that the current takes two 
different paths after it passes through the emergency 
coritrol valve switch. One path leads to terminal B2 of 
the emergency extend relay; the other path leads to the 
landing gear control relay. 'The ground safety switch, 
shown directly beneath che landing gear control relay, 
provides a path to ground for the relay. 


Тһе ground safety switch, sometimes called the "scis- 
sors” switch, is located just above the torque arm 
assembly on the left main landing gear shock strut 
cylinder. The switch is closed when. the weight of the 
airplane is on the strut, and opez when. the airplane 
is either in the air or on jacks. Ав you will note in 
figure 4-11, this ground safety switch must be closed 
for che control relay to be grounded. This type of 
arrangement prevents retracting the landing gear 
while the airplane is on the ground except by depress- 
ing the emergency retract button. This emergency 
phase of retraction will be discussed later in this 
section. 


With the landing gear control relay energized, current 
passes through the control relay, up to che switch in 
the landing gear control handle, and down to termi- 
nal C2 of the emergency extend relay. As shown in the 
schematic (figure 4-11), two leads from the emergency 
extend relay supply current to the rest of the circuit, 
First, trace the current path for the nose landing gear 
action. Following the current from B3, note that it 
travels to the LH MLG up switch and the NLG up 
switch. Note that the NLG up switch is in the de- 
actuated position such as would be the case when the 
gear is in any position other than up-and-locked. With 
the switch in its de-actuated position, current then 
passes through the switch апа on to the No. 1 solenoid 
on the МІС door selector valve. 
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As you will recall from the discussion of the hydraulic 
system, the selector valves direct pressure to the gear 
and gear door cylinders when they are in their down- 
and-locked position. 


Current from C3 of the emergency extend relay passes 
through the INLG door-closed switch and on to the 
NLG selector valve where it energizes the No. 1 sole- 
noid. The NLG selector valve then directs hydraulic 
pressure co the actuating cylinder which retracts the 
nose landing gear. 


Тһе current for the main landing gear and door selec- 
tor valves follows a somewhat differenc path, but the 
results are just about the same. Моге that current from 
B3 of the emergency extend relay travels to both the 
LH and the RH MLG up switches. The output leads 
of these two switches join together on the opposite 
side of the switches. In other words, che MLG up 
Switches are connected in parallel. The output lead 
travels to the MLG door selector valve. 


Current also travels through the four parallel МІС 
door-closed switches shown at the right side of figure 
4-11. The output lead from chese switches travels 
through the MLG down relay and to the MLG selector 
valve. This selector valve directs hydraulic pressure to 
the МІС actuating cylinders to retract che МІ. gear. 


In summarizing the schematic, you should remember 
that all four selector valves are energized while the 
gears are retracting and the doors are still open. The 
door selector valves assure that the doors are held іп 
their down-and-locked position, while the gear selector 
valves direct fluid to retract the gear. 


How The Electrical Circuit Controls 
The Gear Door Closing Operation. 


The landing gear doors close immediately after the 
landing gears reach the up-and-locked position. In the 
schematic in figure 4-12 the control circuit is shown 
with the gear control handle іп the GEAR UP posi- 
tion, the landing gears in their up-and-locked position, 
and the landing gear doors closing. The energized 
portion of the circuit is again shown in dark lines. 


By comparing this schematic wich the one which 
showed gear retraction, you will note that three 
Switches have changed position, These switches are the 
NLG up position switch, and the LH MLG up posi- 
tion switch. Recalling the description of these three 
switches, you will remember that each of these 
switches is actuated only when its respective gear 
reaches the full up-and-locked position. Моге in figure 
4-12 that current is still being delivered to. the МІС 
and NLG selector valves. These selector valves must 
direct hydraulic pressure to the retract side of the gear 
actuating cylinders ла? the doors reach their full 
up-and-locked positions. 
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Figure 4-11. Landing Gear Circuit for Gear Normal Retraction 
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When the МІС up position switch is actuated by the 
nose gear, this switch routes current to the NLG door 
selector valve. The valve chen directs hydraulic pres- 
sure to the door actuating cylinder and che door closes. 


Тһе switch arrangement for che main landing gear is 
slightly different. Note that the current output from 
the MLG door-closed switches is still passing through 
the MLG down relay. This current keeps the MLG 
selector valve solenoid energized so that hydraulic 
pressure holds the main landing gears in their up-and- 
locked position until the MLG doors are fully closed 
and locked. Current for the МЕС door selector valve 
solenoid is supplied from terminal G of the LH MLG 
up position switch. Tracing current flow backwards 
from this terminal, note that che LH and RH МІС 
ир position switches are connected in series so that no 
current can travel to the MLG door selector valve until 
both main landing gears have reached their full up-and- 
locked positions. Current is supplied to the MLG ир po- 
sition switches from the parallel-connected MLG door- 
closed switches. By having the door-closed switches 
connected in parallel, current is supplied to the MLG 
door selector valve as long as any one of the four 
switches is noc actuated by its door closing. 


Figure 4-12 has shown how the solenoids are energized 
so that the landing gear selector valves direct hydraulic 
pressure to the landing gear actuating cylinders to 
keep the gears retracted while che gear doors are 
being closed. As the gear doors reach their full up-and- 
locked positioas, they actuate the door-closed switches 
and the current to all four selector valves is terminated. 
The gears are then locked in their ар position in the 
manner «һас you learned about earlier. 


How The Electrical Circuit Controls 
The Door Opening Operation. 


Figure 4-13 shows the electrical circuits as the normal 
gear extension cycle begins. As noted at the bottom of 
the schematic, the landing gear control handle is in 
the GEAR DOWN position, the landing gear is in the 
up-and-locked position, and the landing gear doors 
are opening. 


In the upper portion of the schematic, you will note 
that only three leads to the solenoids on the gear and 
gear door selector valves are receiving current. Аз you 
learned earlier in this chapter, the nose landing gear is 
held in its up-and-locked position by means of the 
mechanical locking device, but the main landing gear 
has no locking device other than the doors. Because of 
this arrangement, the MLG selector valves must direct 
hydraulic pressure to the МІС actuating cylinders 
during the door-open operation to hold the gear іп 
their up-and-locked position. In figure 4-13, then, one 
of che power leads to the selector valves supplies cur- 
rent to the gear-up solenoid of che MLG selector valve 
while the other two leads supply current to the land- 
ing gear door selector valve solenoids. 
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By comparing figure 4-13 with figures 4-11 and 4-12, 
you wil! note that the emergency extend relay, emer- 
gency retract relay, and the landing gear contro! relay 
perform the same functions. Current passes through 
the landing gear contro! handle, down through the 
emergency retract and emergency extend relays, and 
then through the gear extend circuits. Note that the 
main gear door-open switches are connected in paral- 
lel. This type of arrangement assures that current will 
be supplied to the МЕС selector valve as long as any 
one of the door-open switches has not been actuated, 
and that the main gear will not extend ший all doors 
have reached their full down-and-locked positions. 


Current from terminal D of the MLG door-open 
switches passes through the MLG down relay. Since 
this relay is grounded through the RH MLG up-and- 
locked switch, the relay is energized, and current 
travels to the Мо. 1 solenoid on the МІС selector 
valve. This selector valve then directs hydraulic pres- 
sure to the retract side of the MLG actuating cylinder. 
Tracing the current path from terminal F of the MLG 
door-open switches, note that this current travels to 
the No. 1 solenoid on the MLG door selector valve 
which then directs hydraulic pressure to the open side 
of the MLG door actuating cylinder. 


How The Electrical Circuit Controls 
The Gear Normal Extension Operation. 


As the landing gear doors reach their down-and- 
locked positions, the electrical circuit is shifted by the 
limit switches and the landing gears start to extend. 
Figure 4-14 shows the electrical circuit for che gear 
normal extension operation. Nore that the landing 
gear control handle is still in che GEAR DOWN posi- 
tion, the gear doors are open, and the gears have 
started to extend. Аз in the other schematics, the ener- 
gized portion of the circuic is shown in dark lines. 


In the upper portion of the schematic, note that all 
four selector valves are receiving current. The landing 
gear door selector valves are directing hydraulic pres. 
sure to hold che doors in their down-and-locked posi- 
tion, and the landing gear selector valves are directing 
hydraulic pressure to the extend side of the gear actu- 
ating cylinders. 


When the landing gear doors originally reached their 
down-and-locked position, they actuated their door- 
open switches. Tracing the current path from terminal 
АЗ of the emergency extend relay, note chat ic still 
passes to the NLG and MLG door-open switches. At 
this time, however, these door-open switches are in 
their орет position and current now passes through 
the E terminals of the MLG door-open switches and 
the С terminal of the МІС door-open switch. This 
current travels to the No. 2 solenoids of the NLG and 
MLG selector valves. The selector valves then direct 
hydraulic pressure со che extend side of che gear actu- 
asing cylinders. Since the МІС door-open switches are 
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connected in series, the main gear will not begin to 
extend until both of the MLG doors have reached 
their full down-and-locked positions. 


Note in figure 4-14 that the current path to the selector 
valves is not broken after the gears reach their down- 
and-locked positions. After the gears have extended, 
hydraulic pressure remains on the gear and gear door 
actuating cylinders. This arrangement maintains the 
gears in the down-and-locked position and prevents 
the landing gear doors from buffeting. As mentioned 
earlier in this chapter, there are no mechanical locking 
devices provided for the gear doors when they are in 
the open position. 


How The Electrical Circuit Controls 
The Gear Emergency Retraction Operation. 


Тһе landing gear may be retracted while the aircraft 
is either in the air or on the ground if an emergency 
makes such action advisable. The control for emer- 
gency retraction is the sheathed pushbutton placarded 
EMER GEAR UP on the panel and located just above 
the warning light test switch. The electrical circuit 
control for emergency gear retraction is almost the 
зате as that which we have just analyzed with the 
exception of the ground safety switch and the emer- 
gency retract button itself. The circuit is shown іп 
figure 4-15. Аз the legend at the bottom of the sche- 
matic indicates, the regular landing gear control han- 
die is in the GEAR UP position, the gear doors аге 
open, the emergency retraction button has been 
pushed, and the gears are retracting. 


When the airplane leaves the ground, the ground 
safety switch is deactuated. Note in the lower left sec- 
tion.of the schematic that deactuating of the ground 
safety switch breáks the ground circuit for the landing 
gear control relay. The current from the bus then 
travels to terminal of the emergency retract button. 
When this emergency retract button is pushed in, the 
current has a path through the emergency switch, 
through the landing gear control relay, through the 
landing gear control handle, and to the emergency 
retract relay. 


Note that the emergency retract relay is de-energized. 
The only time that the emergency retract relay is ener- 
gized is during an emergency gear retraction when the 
airplane is on the ground. With this condition, the 
ground safety switch will be at the groundborne posi- 
tion and ground the landing gear contro! relay. The 
contro! relay, in turn, supplies a path for current to the 
emergency retract relay. In figure 4-15, though, the 
circuit is shown when the emergency gear retraction is 
taking place while the airplane is in the air. 


Tracing the current path from terminal C3 of the 
emergency extend relay, note that the current takes 
two different paths. One path leads through the NLG 
door closed switch and to the Мо. 1 solenoid of the NLG 
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selector valve. This selector valve then directs hydraulic 
pressure to the retract side of the actuating cylinder. 
Тһе other current path goes to the MLG door switches, 
through the MLG down relay, and then to the No. 1 
solenoid of the МІС selector valve. The МІС selector 
valve directs hydraulic pressure to the retract side of 
the МІС actuating cylinders. Note that the МІС selec- 
tor valve will receive current as long as any one of the 
four MLG door-closed switches are not actuated. 


Tracing the current path from B3 of the emergency 
extend relay, note that it passes through the МІС 
up position switch and then to the No. 1 solenoid of 
the NLG door selector valve. This keeps the NLG 


door open until the nose landing gear has fully 
retracted. 


In the emergency retraction circuit, just as in the gear 
normal retraction circuit, current is continued to the 
landing gear selector valves so that they will direct 
hydraulic pressure to the main landing gear actuating 
cylinders until the MLG doors have reached their ful! 
up-and-locked positions. 


The Electrical Circuit During 
Gear Emergency Extension. 


Аз you have already learned in this chapter, the land- 
ing gear is extended during emergencies by pneumatic 
pressure. No electrical controls are needed for emer- 
gency gear extension. Instead, however, there must be 
an absence of electrícal control. Removal of all elec- 
trical power from the landing gear control system is 
accomplished by the emergency control valve switch. 
This emergency control valve switch is a limit switch 
mounted on the pneumatic control valve in the land- 
ing gear emergency extension system. Аз the control 
handle in the cockpit is pulled out to the full-out 
position, a small lever on the control valve actuates 
the limit switch. The switch then breaks the circuit 
just beyond the landing gear control circuit breaker. 
'This effectively removes all electrical power from the 
landing gear system. 


MAINTENANCE REQUIREMENTS ON THE 
LANDING GEAR CONTROL CIRCUITS. 


The maintenance responsibilities for the landing gear 
control circuit will be relatively simple if you have 
the proper tools and the required knowledge. Аз 
mentioned earlier in the discussion of the hydraulic 
system maintenance requirements, the landing gear 
malfunctions will usually consist of "squawks" which 
the. pilot has written іп the airplane Form 1A. In a 
very general sense, the pilot remarks will consist of 
“something the landing gear system did that іс wasn’t 
supposed. to do", and. "something the landing gear sys- 
tem didn't do that it was supposed to do." 


То effectively determine just what is wrong with the 
landing gear system, you should always ріасе the air- 
plane on jacks and cycle the landing gear so that you 
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can analyze the malfunction symptoms. After deter- 
mining which cycle is malfunctioning (extension or 
retraction, and doors or gears) refer to the electrical 
schematic and refresh your memory.on which com- 
ponents take place in that particular phase of the oper- 
ation. Then with electrical power от, use a voltmeter 
to check for 28-volt d-c at each switch, connection, 
solenoid, and relay where current should be passing. 
This method will allow you to determine just where 
the circuit is not receiving any current. 


In some instances you may find that the circuit is 
energized at places where it should not be. It is quite 
possible for a switch to become defective and pass 
current through when it should not. In this case, you 
will have to check the solenoids on both sides of the 
selector valve to determine if both solenoids are being 
energized at the same time. As you can well under- 
stand, having both solenoids on one selector valve 
energized is just the same as having neither solenoid 
energized. 


Defective components must be replaced with serviceable 
items. The location of the selector valves, the circuit 
breaker, and the cockpit controls have already been 
mentioned. The MLG down relay is situated on the 
forward bulkhead in the right main wheel well. The 
other three relays discussed—emergency extend, land- 
ing gear control, and emergency retract—are all lo- 
cated on the forward bulkhead in the nose wheel well. 
All of the components in the landing gear control 
circuit have conventional attaching devices and elec- 
trical connections. 


NOSE WHEEL STEER-DAMPER 
HYDRAULIC SYSTEM. 


Directional control of the F-102A while taxiing on 
the ground, and nose wheel shimmy damping during 
the takeoff and landing гип are accomplished by means 
of the nose wheel steering-damping system, There are 
only two hydraulic components, in this nose wheel 
steeríng-damping system, an electrically-actuated hy- 
draulic shutoff valve and a hydraulic steer-damper 
unit. Control of this system is by means of a switch on 
the control stick and movement of the rudder pedals. 
Hydraulic pressure for this system is supplied by the 
secondary hydraulic power supply system. 


You will recall from the preceding discussion of the 
landing gear hydraulic system that the steer-damper 
system receives its hydraulic pressure through the nose 
landing gear selector valve. You will also recall that 
pressure can only go to the steer-damper system when 
the gear selector valve is in the gear extend position. 
Thus, you can see that this steer-damper system can 
only be used when the gear is down, In addition, the 
steering phase can only be used when the weight of 
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the airplane is on the gear and its "oleo" strut is com- 
pressed. You will learn just how steering and shimmy 
damping is accomplished as we go through the nose 
wheel steering and damping hydraulic system. 


NOSE WHEEL STEER-DAMPER OPERATION. 


Whenever the pilot wishes to turn the airplane while 
taxiing on the ground, he presses an electrical switch 
on his control stick and pushes either the left or right 
rudder pedal. Actuating the switch completes an elec- 
trical circuit to the steering hydraulic shutoff valve. 
The valve opens and admits hydraulic pressure to the 
steer-damper unit. With operating pressure in the 
unit, the nose wheel turns left or right when the pilot 
pushes on either the left or right rudder pedal. This 
turning action is accomplished by the rotation of a 
control shaft in the steer-damper unit, which is ro- 
tated by mechanical linkage from the rudder pedals. 


Figure 4-16 shows the mechanical linkage between the 
rudder pedals and the steer-damper unit on the nose 
gear strut. Note how this linkage connects to the 
steer-damper rotating shaft at the left hand bell crank. 
Rotation of the shaft ports fluid pressure to either one 
side or the other of a vane in the steer-damper unit. 
The vane in turn moves an external steering arm at 
the bottom of the unit, and a collar assembly on the 
gear strut, to steer the wheel to either the left or right. 
When the wheel reaches the desired turning angle, 
the pilot releases the electrical button and holds the 
wheel turning angle with his rudder pedals. To realign 
the wheel or reverse the steering direction, the pilot 
again presses the electrical button and pushes on the 
pedal opposite the one originally used to deflect the 
nose wheel, 


When the rudder pedals are in the neutral position, no 
fluid flows and the unit dampens shimmy (oscillations) 
of the nose wheel. This is true even though the elec- 
trical button may be actuated to pressurize the unit. 
Also, when the pilot releases his control stick steering 
Switch to the OFF position, the hydraulic shutoff valve 
closes and stops fluid pressure to the steer-damper unit. 
Тһе unit then functions solely as a damping control. 


Тһе steering electrical circuit incorporates a steering 
limit switch mounted on the gear strut. This switch is 
mechanically actuated by a roller operating on a cam 
track attached to the gear collar assembly. When the 
nose gear wheel rotates farther than 509 in either 
direction, the roller leaves the cam track and opens 
the electrical circuit. This action causes the solenoid 
in the hydraulic shutoff valve to be de-energized, thus 
closing off the hydraulic power supply to the steer- 
damper unit. The limit switch also opens the steering 
electrical circuit when the nose wheel is not firmly on 
the ground during takeoff and landing. 
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How The Steering Arm Turns The Nose Wheel. 


In figure 4-16 you can see how the horizontal steering 
arm attached to the shaft is similar in function to the 
"Pitman" arm that extends from an automobile steer- 
ing worm-gear box to the front wheel steering link- 
age. А channel in this arm houses a roller that is 
attached to the end of another arm which is connected 
to the collar assembly and torque arm (scissors) on the 
lower end of the gear strut cylinder. When the steer- 
damper vane moves to the right or left, it turns che 
vane shaft and therefore the steering arm attached to it. 
As the steering arm rotates about the vane shaft, it in 
turn moves the roller attached to the lower arm assem- 
Ыу in a fore and aft direction. The lower arm and 
collar chen swivels in an arc about the oleo strut, using 
the strut as a pivot point. The torque arm (scissors) 
which connects the lower section of the strut (the 
piston) with che strut mounted collar on the upper 
section, turns the wheel to follow the rotation of the 
collar. The roller and channel connecting the two 
turning arms is necessary because the steer damper 
unit turning-center is off-set from the turning-center 
of the gear strut collar. 


In other words, the arm attached to the steer-damper 
unit rotates in an arc about the center of the steer- 
damper vane shaft and the arm. attached to the strut 
mounted collar rotates in a circle around the center of 
the gear strut. The two arcs prescribed by these arms 
must bisect each other at two points of the arcs they 
describe. You can see, therefore, that if the two arms 
were rigidly attached to each other and trying to 
rotate around two different centers, they would bind 
each other. So the roller slides or rolls inside the 
channel of the upper arm to allow constant change of 
the positions of the rwo arms in relation to each other. 
Тһе roller must, therefore, pass beyond the outer end 
of the slot if the wheel is turned too far. This poinr is 
established at 50? of wheel turn іп either direction 
from dead-center or neutral. 


Disconnection at 50? of Turn. 


At the end of 509 of wheel turn, the roller passes 
completely out of the aft end of the channel in the 
upper arm, placing the wheel then in a free-castering 
position. To prevent the wheel from being dislocated 
in relation to the steer-damper when this happens, 
gear teeth are built into the outside perimeter of the 
strut collar and onto the forward end of the upper 
steering arm. Ат 509 of turn these two gears automat- 
ically engage each other, to maintain the wheel in the 
Correct position relative to the steer-damper vane shaft. 
As the wheel—and therefore the lower steering arm— 
moves back toward center, the gears cause the roller 
to re-engage with the channel. Аз the wheel continues 
turning toward the center, the gears separate or 
disengage. 


Аз mentioned before, a cam track actuates the limit 
switch roller to open the electrical circuit to the 
hydraulic shutoff valve of the system. This renders the 
steer-damper unit hydraulically inoperable until the 
wheel is manually rotated back to less than 50? from 
dead-center. Also, the rudder pedals must be deflected 
to an angle corresponding to wheel deflection from 
center, before the steer-damper can again be used for 
steering. 


Mechanical System Tie-in. 


There is one other control point that isolates steer- 
damper actuation and immobilizes the nose wheel 
steering while the airplane is in flight. Аз the air- 
plane weight lifts off che nose wheel during take off, 
the lower section of the strut and the attached nose 
wheel drops to the lower end of the gear strut travel. 
One centering cam in the lower section of the strut is 
carried down against a matching centering cam inside 
the oleo strut to align the nose wheel in a centered 
position. This prevents the wheel from turning left or 
right as it retracts into the wheel well. 


Тһе strut mounted steer-control linkage is connected 
to the fuselage mounted portion of the control linkage 
by a spring-loaded pin as shown in figure 4-16. With 
the gear in che down position, this pin is held in the 
slotted left hand bel! crank of the strut mounted link- 
age by the spring. When the pilot retracts the gear, 
the strut mounted left hand bell crank travels with 
the gear away from the pin, thus breaking the steering 
control connection. Of course, this separation makes 
the steer-damper unit inoperable when the gear is 
retracted and the rudder pedal motion during flight 
cannot affect it. 


The preceding discussion has shown you how the nose 
steering system functions. This information will help 
you to understand the hydraulic operation of the 
steering and damping system which follows. 


NOSE WHEEL STEERING SHUTOFF VALVE. 


'The nose wheel steering system shutoff valve, which 
controls the flow of secondary hydraulic system fluid 
from the nose gear selector valve to the steer-damper 
unit, is a solenoid operated, spring-loaded, poppet- 
spool type valve. When the solenoid is energized by 
the control stick switch, it unseats the spring-loaded 
poppet. Opening the poppet valve allows pressurized 
hydraulic fluid chat has been trapped at the poppet 
spool to flow past the seat and through the outlet to 
the steer-damper unit. When the solenoid is de-ener- 
gized by releasing the control switch, the spring 
returns the poppet to its seated or shutoff position. 
This shutoff valve is shown schematically in the two 
views of the steer-damper unit (figure 4-17). In the 
damping condition it is closed, while in the steering 
condition it is open. 
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Figure 4-17. Steer-Damper Unit 
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This spring assembly in the valve incorporates an 
adjustment screw for adjustment of the opening ten- 
sion. Normally, adjustment of this spring tension 
should not be necessary since the valve is pre-adjusted 
prior to installation. However, when a valve is found 
to pass fluid іп its closed position, the spring tension 
must be set higher. If the valve will nor pass sufficient 
fluid when opened, the tension must be lightened. This 
condition is cortected by removing the retainer cap 
and turning the adjustment screw until the proper 
tension is acquired. 


NOSE WHEEL STEER-DAMPER UNIT. 


Figure 4-17 shows the steer-damper unit mounted on 
the nose gear strut and schematic views of the two 
functions it serves, steering condition and damping 
condition. Basically, the unit is comprised of four 
spring-loaded poppet valves, a ting chamber and 
vane, and a selector arm and tilting collar. The poppet 
valves (two of which are shown) control the admission 
of hydraulic pressure into the wing chamber and also 
open the wing chamber to system return. Since the 
steer-damper unit serves two functions, we will discuss 
each function separately. 


Steering Function. 


In figure 4-17, you will note two schematic views of 
the steer-damper unit. For this discussion on steering, 
follow the flow of pressurized fluid through the right 
view marked steering condition. When the weight of 
the airplane is on the nose gear and the actuating 
switch on the control stick is pressed, the shutoff valve 
will be energized со the open position as shown in the 
right schematic. The first action of hydraulic pressure 
entering the unit raises che center poppet cam to 
engage it with the mechanical rotating shaft. (You 
can see this pin and shaft disengaged in the damping 
condition schematic.) 


Turning of the rotating shaft, discussed earlier in this 
section, causes cam action of the tilting collar in the 
unit to unseat two of the poppet valves. Whenever a 
pressure inlet poppet: іп one side of the wing chamber 
is unseated, a return outlet poppet in the other side 
is also unseated, This is accomplished by pilot action 
of the rudder pedals rotating the selector arm shown 
on the right hand schematic. 


Comparing the two schematic views, note how this 
action tilts the tilting collar and depresses (opens) one 
pressure and one return poppet valve. As you can see, 
this action will admic pressure to one side of the vane 
in the wing chamber and provide а гесағп outlet for 
the trapped fluid оп the other side of che vane. Ну- 
draulic pressure moves the vane which in саға moves 
the steering arm to turn the nose wheel. When the 
vane is centered in the wing chamber, the nose wheel 
is also centered; and when the vane is forced, to move, 
it forces the nose wheel to turn. 
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Тһе other pair of poppets, not shown in figure 4-17, 
actuate іп the same manner to move the vane in the 
opposite direction, thus turning the wheel in the oppo- 
site direction. In one respect, the vane and wing 
chamber can be compared with an ordinary actuating 
cylinder and piston; fluid under pressure is admitted 
to one side of the piston (vane) and as it forces the 
piston to move, a. path must be made for the fluid on 
the other side to escape. If the path or outlet is not 
provided, the piston moves just enough to compress 
the trapped fluid to a pressure equal to that being 
introduced on the opposite side. This principle is 
employed to some extent in the steer-damper unit 
when it is used for nose wheel shimmy damping. 


Shimmy Damping Function. 


When the steering function of the unit is пос being 
utilized, hydraulic pressure is isolated by the closed 
shutoff valve. However, even though there is no 
pressure in the unit, it remains full of fluid as shown 
in the damping condition schematic (figure 4-17). 
When the steer-damper shutoff valve is closed, the 
poppet valves in the steer-damper are inoperable, fluid 
is trapped in the wing chamber and the center cam is 
disengaged from the rotating shaft. If the wheel starts 
to shimmy from side to side, the vane in the wing 
chamber is forced to move with it. So, you can readily 
see that since the fluid has no escape path it will be 
rapidly compressed and act as a snubber, or shock 
absorber, when the vane is forced against it. 


А bleed passageway through the vane allows enough 
interflow of fluid to each side of the wing chamber to 
avoid a "hardness" of action; that is, too abrupt a halt 
of the vane as it compresses the fluid on either side 
of the chamber. This interflow is shown by the arrows 
in the wing chamber. The snubbing effect damps the 
shimmy motion in one direction, and as the vane and 
wheel move back in the other direction, the same thing 
occurs in che opposite side of the chamber. Subsequent 
oscillations of the wheel are, therefore, progressively 
damped to back and forth motions,of smaller and 
smaller intensity. 


The channe! passageway through the body of the vane 
also serves another purpose. If sustained external pres- 
sure—rocks, ruts, and the like—is maintained on the 
wheel from one direction, the fluid on one side of the 
vane forces throügh this bypass passage to reduce 
excessive pressure in the chamber and, therefore, on 
the wheel. Because the wheel is designed to track dead- 
center, the fluid volume on each side of che vane is 
again equalized by the centering of the wheel when 
external pressure is removed (wheel has rolled past 
the obstruction). 


Cam Disconnect. 


We mentioned that the poppet valves are inoperable 
when the steer-damper is being used for shimmy 
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damping. This is because hydraulic pressure is re- 
moved from the steer-damper unit when the shutoff 
valve is closed. Referring to the left-hand schematic 
on figure 4-17, you can see that with the pressure 
removed, the spring-loaded poppet cam in the upper 
end springs back to disengage from the steer-damper 
rotating control shaft. When the unic is being used for 
steering, fluid pressure overrides the spring and forces 
the cam to connect with the control shaft as shown 
ій the right-hand schematic. 


With the cam disconnected, the fluid is trapped in the 
wing chamber by the inoperable poppets, and the unit 
functions as a shimmy damper. Note that the connect 
point of the cam and shaft is slotted, or off-set, so 
thac the wheel has to be pointing straight ahead, or 
the rudder pedals aligned to the wheel position, before 
mechanical re-engagement of the two parts can be 
accomplished. You can see on the right-hand sche- 
matic in figure 4-17 that when the shutoff valve is 
opened, fluid pressure re-engages the cam with the 
control shaft for steering control. 


Maintenance of Steer-Damper Hydraulic System. 


The following is a general discussion of some of che 
hydraulic maintenance problems of the steer-damper 
system that you may encounter and their remedies. 
Since only the hydraulic phase of this system was dis- 
cussed in detail in this section, you should refer to the 
Airplane General Supplement in this training series 
for complete coverage of the landing gear and nose 
steering system. 


Whenever the steering system malfünctions, you should 
first check that che secondary hydraulic system has suf- 
ficient operating pressure. Following this check, deter- 
mine that electrical power is reaching the solenoid 
shutoff valve and that the mechanical linkage berween 
the rudder pedals and the steer-damper unit is cor- 
rectly adjusted. Assuming that all the above are saris- 
factory, then you can isolate any troubles to the shutoff 
valve and steer-damper unit. 


Тһе shutoff valve can cause two types of malfunction- 
ing. If malfunctioning it will either admit hydraulic 
flutd to the steer-damper unit when de-energized, or 
will not open when energized. If the first condition 
exists, che nose wheel will turn when the rudder 
pedals are moved even though the control stick switch 
is not actuated. If che second condition exists, the nose 
wheel will пос turn when the control switch is actu- 
ated and the pedals are moved. In either condition, 
remove and replace the valve. 


After determining that the shutoff valve is satisfactory, 
then check the operation of the steer-damper unit. 
Before replacing a sceer-damper unit that you feel is 
malfunctioning, you should again check other possi- 
bilities chat would appear as though this unit were 
at fault. 
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If the steering is erratic and the nose wheel has а 
tendency to hunt, it may be due to air in the hydraulic 
system, steering linkage binding, or the steer-damper 
unit rotating shaft binding. For correction of the 
above you should bleed the air from the system and 
check the linkage for binding. If the above corrective 
measures do not remedy the malfunction, the steer- 
damper unit is probably at fault and should be re- 
placed. In addition, if you cannor get a full 50? turn- 
ing of the nose wheel and the steering arms are not 
binding, then the steer-damper unit is probably again 
at fault and should be replaced. 


In the event the nose wheel shimmies during the take 
off or landing runs, you should first suspect the nose 
wheel and tire assembly of being out-of-balance. If 
replacement of the nose wheel and tire assembly does 
not correct a shimmy condition, then the steer-damper 
unit is probably bypassing or leaking fluid internally 
and must be replaced. 


You should refer to your F-102A Maintenance Manual, 
T.O. 1F-102A-2-8, from time to time for che latest pro- 
cedures in replacing or adjusting the nose wheel steer- 
ing and damping system components. 


SPEED BRAKE HYDRAULIC SYSTEM. 


The speed brakes on the F-102A are two hydraulically 
operated door-type surfaces located at the aft end of 
the vertical fin island. These brakes are contoured to 
form the aft part of the fin island and are hinged at 
the forward end to swing sideways into the air- 
stream, as shown in figure 4-18. The main purpose of 
the brakes is to slow the airplane while in flight and 
when making a landing approach. In addition to 
functioning as speed brakes for the airplane, these 
doors also provide a housing for the drag chute. The 
drag chute is stowed in the compartment just forward 
of the point where you see the actuating cylinders 
attached to the airplane structure. When extended into 
the airstream, these brakes provide a free opening 
through which the drag chute is deployed. 


Four hydraulically actuated cylinders extend and re- 
trace the speed brakes. These cylinders, two on each 
brake, are attached to the airframe structure at the 
forward end through fittings on the drag chute hous- 
ing. The piston ends of the cylinders hinge to the 
speed brake structure. Two cylinders are furnished for 
each brake so that the brakes will be stable and not 
flutter when extended into the airstream. When the 
doors are extended at excessive airspeeds, a relief valve 
in the speed brake hydraulic system bypasses pressure 
fluid around the actuating cylinders so that the brakes 
cannot be forced to the full open position. 
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Figure 4-18. F-102A Speed Brakes 


HOW THE SPEED BRAKES OPERATE. 


Ав mentioned above, there are two conditions under 
which the speed brakes are actuated to their open posi- 
tion. One of these conditions is when che pilot desires 
braking action to slow the airplane while in flight. To 
accomplish this braking action the pilot pushes the 
speed brake switch on the power control lever to the 
OUT position. Actuation of the switch to che OUT 
position. completes ап electrical circuit to the extend 
solenoid of the speed brake hydraulic selector valve. 
With the selector valve solenoid energized, pressurized 
hydraulic fluid then passes through the selector valve to 
the extend side of the four speed brake actuating cylin- 
ders. These cylinders open the brakes to a full 45? of 
travel to slow the airplane's speed. The speed brakes 
will remain extended until the pilot moves che switch 
on (һе power control lever to the IN position. The 
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speed brakes will partially retract if opened at excessive 
speeds. This automatic retraction feature is accom- 
plished by the opening of a relief valve in the speed 
brake hydraulic system. 


When the drag chute is to be deployed to slow the 
landing гой, the pilot pulls a T-shaped handle on the 
left side of the instrument panel. This action not only 
operates a pneumatic valve which deploys the chute, but 
also actuates an.auxiliary speed brake electrical switch. 
The switch completes a circuit to the speed brake 
selector valve to extend the brakes. Ап interlocking 
device in the chute deployment assembly prevents the 
deployment of the chute until the brakes have opened 
a minimum of 30°, thus insuring that the chute will 
пог jam against the brakes and fail to open properly. 
The interlocking device is comprised of two pins thar 
hold the drag chute release lever in a down position. 
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As the speed brakes open, flat spots on the head ends 
of both top speed brake cylinders contact two pivor 
assemblies. Rotation of the pivot assemblies by the 
cylinders pulls the two pins from contact with the 
drag chute release lever when the doors are opened a 
minimum of 309, This frees che lever and allows it to 
release the drag chute ripcord mechanism. 


A safety switch incorporating a time-delay feature is 
mounted just aft of the drag chute release mechanism 
to prevent a premature closing of the speed brakes 
before che chute is jettisoned. Jettisoning of the drag 
chute by the pilot at the end of a landing roll auto- 
matically pulls а pin from the safety switch; this 
switch then energizes the speed brake retract circuit 
to close the speed brakes. 


SPEED BRAKE HYDRAULIC SYSTEM OPERATION. 


The speed brake hydraulic system, shown schematic- 
ally in figure 4-19, is a comparatively simple operating 
system. This system consists of a dual solenoid-oper- 
ated selector valve, four actuating cylinders, two re- 
strictors, a relief valve, and a check valve. The sec- 
ondary hydraulic power system, as you know, furnishes 
the operating pressure for the speed brakes and is 
always present at the solenoid valve inlet porc when 
the engine is running. 


You learned earlier in this section that the speed 
brakes are operated either by the switch on the power 
control lever or by an auxiliary switch that is actuated 
by the drag chute control. Since the hydraulic system 
operation is the same regardless of the method of con- 
trol, let's consider the hydraulic system as being con- 
trolled by the power control lever switch. 


Figure 4-19 also shows the speed brake system as it is 
when the control switch is in neutral and the brakes 
are closed. Мосе that secondary hydraulic system pres- 
Sure is at the selector valve, but is stopped by the 
centered position of the pilot spool. The pressure in 
the open and close lines then would be in a static 
coridition. 


Now, let's open the brakes by moving the power con- 
trol lever switch to the OUT position. This action 
completes an electrical circuit that energizes solenoid 
No. 1 in the selector valve. Energizing this solenoid 
pulls che pilot spool up to allow hydraulic pressure 
to pass the pilot spool and push the slave piston up. 
With the slave piston up, hydraulic pressure at the 
pilot spool then passes around the slave piston and 
into the open line where it is routed to the right and 
left speed brake cylinders. 


The restrictors in each open line are merely fittings 
with restricted (smaller) passages that reduce the flow 
of fluid го prevent the brakes from "slamming" open 
or closed. Note that pressurized fluid is first routed to 
both upper cylinders, then to the lower cylinders. 
Hydraulic pressure entering the cylinders forces the 
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plunger housing back, which releases the latching fin- 
ger. (The latching fiager holds the cylinder in the 
retracted position in the speed brake closed position.) 
With the latching finger disengaged, pressure extends 
the piston and piston rod to open the brakes. 


Return fluid from each lower cylinder passes to its 
respective upper cylinder then to the selector valve. 
At the selector valve return fluid flows past che pilot 
spool and into the return line. The check valve in the 
return line prevents any reverse flow of fluid into the 
speed brake system. 


When the control switch is moved to the IN position, 
solenoid No. 2 is energized causing the pilot ѕроо! and 
slave piston to reverse the positions chey were in when 
the brakes were opened. Pressurized fluid then enters 
the close line and retracts the actuating cylinders. 
Return fluid must pass through the restrictors in the 
open line and out the selector valve to the return line. 
Again these restrictors limit the flow of fluid so that 
the brakes will not "slam" closed. 


When the actuating cylinders reach their fully re- 
tracted position they engage the latching fingers and 
actuate the limit switch plunger. Actuation of the 
cylinder limit switch opens the circuit to de-energize 
the No. 2 solenoid and neutralize the selector valve. 
With the selector valve in neutral, no pressure exists 
on the retract side of the cylinders. The latching fin- 
gers which engaged when the cylinders are retracted 
hold the brakes in the closed position. 


As mentioned before, the speed brakes wil! automat- 
ically retract or partially retract at excessive airspeeds. 
This automatic retraction is due to the opening of che 
relief valve shown in the schematic. This relief valve 
opens at a predetermined pressure setting to bleed off 
excess pressure in the open fine, thus allowing the 
brakes to retract. Excess pressure in the open line is 
caused by the excessive airloads creating a back 
pressure. ` 


SPEED BRAKE HYDRAULIC SYSTEM COMPONENTS. 


The speed brake hydraulic system consists of those 
components shown in the schematic of the system in 
figure 4-19. These components are the solenoid oper- 
ated selector valve, the four brake actuating cylinders, 
the two restrictor valves, the system relief valve, and 
the system check valve. Of all these components, only 
the actuating cylinders are different from other com- 
ponents you have learned about in this manual. The 
selector valve is similar to the type used in the landing 
gear system, except that the slave piston blocks the 
system open and close lines when the valve is de- 
energized. 


The restrictors, relief valve, and check valve operate 
like chose you learned about in Chapters I and II. So, 
we will just discuss the actuating cylinders and how 
they operate in opening and closing the speed brakes. 
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Figure 4-19. Speed Brake Hydraulic System Schematic 
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Figure 4-20. Speed Brake Actuating Cylinder 


Speed Brake Actuating Cylinders. 


All four speed brake actuating cylinders are similar in 
construction. These cylinders are conventional in de- 
sign, except for several unique features. One of these 
features is an integral lock that holds the brakes closed 
without the aid of hydraulic pressure. Another feature 
is the method of routing fluid co the cylinders. As you 
can see in figure 4-18, the cylinders incorporate side 
fittings їп the caps on each end. These fittings have 
passageways that route pressure and return fluid be- 
tween the two cylinders on each brake. With this fluid 
routing method, only one pressure line and one re- 
turn line is required to furnish hydraulic power to 
the cylinders on each brake. 


Actuating Cylinder Operation. 


The cutaway illustration (figure 4-20) shows the inter- 
nal operating components of one of the speed brake 
actuating cylinders. Note che integral piston lock and 
limit switch that was discussed in the system operation 
above. When the piston has moved to its retracted 
position in closing the speed brakes, as shown in the 
illustration, the inside groove of the piston skirt is 
aligned with the latch fingers. (There are six of these 
latch fingers on the latch sleeve and they surround che 


plunger housing and piston lock.) With the piston 


and piston skirt in che fully retracted position, the lock 
spring within the piston rod chen thrusts the piston 
lock inside the perimeter of the six latch fingers as 
shown, This action expands the latch fingers causing 
them to engage in the inside groove of the piston skirt 
and lock the cylinder assembly in the retracted 
position. 


A second function of the piston lock is to actuate che 
limit switch plunger shown on figure 4-20. When the 
limit switch is actuated, the electrical circuit to the 
close side of the system selector valve is opened. This 
opened circuit allows the spring-loaded selector valve 
to neutralize and shut off fluid pressure to the actu- 
ating cylinders. By locking the cylinders in the retract 
position and shutting off fluid pressure to them, the 
brakes are mechanically locked and do not have to rely 
on hydraulic pressure to hold them closed. 


Note that the limit switch plunger is spring-loaded to 
return to its normal OFF position when the piston lock 
releases it by moving to the extend position. Ás hy- 
draulic pressure is admitted to che extend side of the 
cylinder to extend the piston, the pressure overrides 
the plunger spring in the piston lock. The same fluid 
pressure then forces the piston lock to retract into the 
piston rod and allow the latch fingers to spring in 
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and release the piston skirt so that the piston and its 
piston rod can move to the extend position and open 
the speed brakes. 


MAINTENANCE. 


The hydraulic maintenance problems of this speed 
brake system are much the same as those that you 
would encounter in any other hydraulic system. The 
problems would result in a sluggish or inoperable 
system. The causes again could be leaks (either inter- 
nal or external), a malfunctioning unit, ап open elec- 
trical control circuit, or no system pressure. Servicing 
of this system is comparatively simple—periodic lubri- 
cation of the actuating cylinders (other than the reg- 
міаг inspections you will make of the system for leaks, 
security of attachment, and cleanliness), and system 
check-outs are all that are required. 


In trouble shooting the hydraulic system, first deter- 


mine the most logical thing that could cause the type | 


of malfunctioning at hand. If the speed brakes will 
not operate either open or closed you would first 
determine that there was sufficient secondary hydraulic 
system operating pressure. Assuming that sufficient 
operating pressure existed, the next most logical item 
to check would be the controlling unit, the selector 
valve. Since this unit controls the entire speed brake 
hydraulic system, its malfunctioning would affect the 
brake operation as a whole. If an electrical check 
proved that current was reaching the selector valve, 
then the valve would be replaced. 


ЇЁ the speed brake hydraulic system operates, but not 
satisfactorily, chen you would suspect some unit or 
units downstream from the selector valve as causing 
the malfunction. Since there are only a few units in 
this system, analyze the problem and then tackle it 
from the most logical cause. By referring to the sche- 
matic of the system (figure 4-15) and to the trouble 
shooting charts in your F-102A maintenance manual, 
1F-102A-2-8, you will soon determine the cause of a 
malfunction. Experience is the best teacher and you 
can get this experience only by "doing." So, analyze 
any problem that comes up and tackle it from the 
most logical cause. 


EMERGENCY A-C GENERATOR 
HYDRAULIC SYSTEM. 


The emergency а-с generator (sometimes referred to 
as an а-с alternator) is driven by a hydraulic motor 
which receives its power from the secondary hydraulic 
system. The emergency a-c generator system is placed 
in operation only when the main a-c generator fails. 
Should the main a-c generator become inoperative, a 
warning light on the main instrument panel will 
come on, thus notifying the pilot rhat lie does not 
have a-c power. The pilot then actuates his A-C GEN 
switch to reset. If this action does not correct the situ- 
ation, he moves the A-C BUS switch from гога? to 


126 


emergency. Placing this switch in emergency com- 
pletes an electrical circuit which energizes the a-c gen- 
erator motor shutoff valve solenoid. With the solenoid 
energized, secondary hydraulic system power then 
drives the emergency a-c generator hydraulic motor to 
produce emergency a-c electrical power. The A-C 
POWER FAIL lights will continue to burn even 
though the emergency a-c power system is operating. 
However, the pilot can check the output of this emer- 
gency system by referring to his a-c voltmeter. 


HYDRAULIC SYSTEM OPERATION. 


Figure 4-21 shows the emergency a-c generator hydrau- 
lic system in operation. Note that the shutoff valve 
solenoid is in the energized condition. In this condi- 
tion the valvé spool is positioned so that fluid pres- 
sure from the hydraulic system cao pass through the 
valve to the a-c generator drive motor. Hydraulic pres- 
sute entering the motor pushes the nine drive pistons 
up, causing the cylinder block to rotate and thus drive 
the a-c generator through a reduction gear box that 
turns the generator at the required speed to produce 
emergency a-c electrical power. When each piston 
reaches the top of its stroke, it is aligned with the 
motor outlet line which routes fluid back to the system 
return line through the check valve, This check valve 
prevents reverse flow of fluid through the hydraulic 
drive motor. 


Аз mentioned above, the shutoff valve is energized 
only when the a-c bus switch is in emergency position. 
When this switch is in 20rmal, the shutoff valve is 
de-energized and fluid cannot pass through the valve 
to the а-с generator drive motor. 


A-C GENERATOR MOTOR SHUTOFF VALVE. 


Тһе emergency a-c generator motor shutoff valve is 
located in the top of the hydraulic accessory compart- 
ment directly above the access door. This valve is the 
same type of shutoff valve that you learned about in 
the nose wheel steer-damper system. Іс consists mainly 
of a solenoid, a sliding spool, a spring, and a housing 
as shown in figure 4-21, When de-energized, the spring 
positions the sliding spool so that it closes the inlec 
port and prevents secondary hydraulic system fluid 
from passing through the valve. Energizing the valve 
solenoid causes the sliding spool to overpower the 
spring and move to a position so that hydraulic pres- 
sure can pass through the valve. 


Although the spring tension is adjustable on this 
shutoff valve, it is advisable to replace the valve if it 
malfunctions. This spring tension should be bench 
adjusted using special test equipment. Adjusting spring 
tension while the valve is installed іп the system is 
only a hit-or-miss method and should not be attempted. 
Maintenance on the shutoff valve is comparatively 
simple—either it operates or it doesn't. If the emer- 
gency generator does not operate when the А-С BUS 
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Figure 4-21. Emergency A-C Generator Hydraulic System Schematic 
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switch is placed in emergency position and secondary 
hydraulic system pressure is sufficient, the first thing 
to suspect would be a malfunctioning shutoff valve. 


A-C GENERATOR HYDRAULIC-DRIVE MOTOR. 


Тһе a-c generator hydraulic drive motor is a constant- 
speed, nine-cylinder, fixed-stroke unit. Basically, this 
motor is the same as the emergency hydraulic pump 
you learned about in Chapter II, except that instead of 
producing hydraulic pressure, this motor converts 
hydraulic pressure into torque force to drive the emer- 
вепсу a-c generator. 


Figure 4-22 shows the hydraulic motor and a-c gener- 
ator unit that is installed in the forward outboard 
corner of the right main wheel well. The plate with 
two curved slots, one for pressure inlet and one for 
return outlet, is attached in а fixed position against 
the end of the rotating cylinder block. This cylinder 
block, which houses nine pistons, rotates in a clock- 
wise direction as the curved arrow indicates. As hy- 
draulic pressure enters the ¿nlet port (black arrows) it 
pushes up on the piston aligned with its curved slot. 
Pressure applied against the piston rotates the drum 
which is at a 30? angle to the piston rods. Rotation of 
the drum turns the cylinder block through the univer- 
sal link so that the next piston is aligned with the 
pressure slot. 


When the pistons reach the upper end of their stroke, 
they align with the return slot (white arrows). Then 
as the pistons start their down stroke they force fluid 
out the curved return slot. Each piston is at che bottom 
of its stroke when it reaches the end of the return 
slot and is again ready for a pressure stroke. Once pres- 
sure is applied against the pistons, rotation of the 
drum and cylinder block is continuous until hydraulic 
pressure is stopped. Rotation of the drum drives the 
а-с generator in the direction of the arrow shown on 
the spline connection. 


About the only maintenance you will have on this unit 
will be leaks or an inoperative unit. If any leaks occur 
at the pressure and return port fittings, you correct 
this trouble by tightening or replacing the fittings. 
Don't forget to use two wrenches when tightening a 
line nut on a fitting. By using two wrenches—one on 
the line nut and one on the fitting—you will prevent 
a twisting strain on the line or additional leaks at the 
fitting. If any leaks occur around the hydraulic motor, 
replace the entire motor, do not attempt to overhaul 
or repair it. 


If you encounter a malfunctioning emergency a-c gen- 
erator unit, first determine whether the hydraulic 
motor or the generator is at fault; then replace the 
malfunctioning unit. It is possible for a generator not 
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Figure 4-22. Emergency A-C Generator Hydraulic Motor 
128 


to produce a-c electrical power and 8:Ш have its drive 
motor functioning properly. In this case you would 
replace the generator. Then, if the generator were 
satisfactory and the drive motor malfunctioned due 
either to a sheared shaft or a binding condition, you 
would replace the drive motor. 


HYDRAULIC SUBSYSTEM 
OPERATION CHECK-OUTS. 


Operational checks are checks accomplished on the 
ground to prove that any equipment worked on has 
been installed, adjusted, reassembled, or repaired satis- 
factorily. The checks are made in such a manner as 
to duplicate as closely as possible those conditions 
which will be encountered during actual use of the 
airplane. The operational checks are made on equip- 
ment that has been worked on during inspection, 
maintenance, or repair operations. The equipment 
being checked is operated through at least five cycles 
unless its particular design makes that rule imprac- 
tical. In che latter instance, the duration or frequency 
of an operation is listed in your Е-102А maintenance 
manual, Т.О. 1Е-102А-2-3, or will be determined by 
the maintenance officer. 


HYDRAULIC POWER FOR 
OPERATIONAL CHECK-OUTS. 


We know that all subsystems discussed in this chapter 
depend upon secondary hydraulic power for their 
operation. Therefore, hydraulic power (from а port- 
able test stand) is used during operational check-out 
operations. We are primarily interested, in this chap- 
cer, in the general procedure for conducting checks 
to insure the correct functioning of the hydraulic 
portion of these subsystems. Consequently, we will not 
discuss other parts of the operational checks more than 
is necessary to illustrate a point. When a test stand is 
used, you myst hook it up to both the primary and the 
secondary hydraulic systems. Otherwise, pressure in 
the secondary system alone will cause che hydraulic 
fluid to bleed through interconnecting components to 
the primary system. 


PRE-CHECK PREPARATION. 


You must make preparations and observe all safety 
precautions before making a check of any system. 
Remove power from any electrica! circuits adjacent 
to hydraulic equipment unless a particular circuit is to 
be used for the check to be accomplished. Clear all 
areas around doors, struts, elevons, or any other mov- 
ing parts. Before you apply electrical or hydraulic 
power to the airplane, station pérsonnel at switches 
and levers that will be powered. This precaution will 
avoid inadvertent actuation that would endanger per- 
sonnel. Visually check all parts and components for 
obstructions and leakage. 


HYDRAULIC SYSTEM 


Before conducting tests of those subsystems that either 
combine air or hydraulic power for their operation or 
use air for emergency operation, make sure that suf- 
ficient pressure is in the high pressure pneumatic 
system. If sufficient pressure does not exist, connect the 
high-pressure air compressor (3000 psi) to the high- 
pressure pneumatic system filler connection and charge 
the system until air pressure stabilizes at approximately 
3000 psi. 


Prior to conducting the actual checks, set the various 
switches and fevers of the system to the proper posi- 
tion to begin the test as outlined in your F-102A 
maintenance manual, Т.О. 1Е-102А-2-3. Whenever 
you check the landing gear systems, you must jack che 
airplane to suspend the gear. This will permit the gear 
to swing free of the ground and simulate actual. іп- 
flight operation. NEVER operate the gear control on 
the ground, unless the airplane is completely jacked. 


PREVENTING LANDING GEAR DOOR CLOSURE. 


The first part of the landing gear operation check 
includes inspection and observance of the gear when it 
is retracted. This is not possible if the doors close when 
the gear retracts. To overcome this problem disconnect 
the main landing gear doors and the nose landing gear 
doors from the actuators. Make sure that you tie or 
support the cylinders securely in a position that will 
prevent their jamming against any object when they 
are disconnected. Of course, after the rest of the land- 
ing gear system is checked, you will reconnect the 
doors and proceed with their test. 


BLEEDING AIR FROM SYSTEMS. 


As the check of any system begins, observe the flow- 
meter on the test stand to detect air bubbles in the 
fluid. If air is present, che fluid will be cloudy and full 
of tiny air bubbles instead of being a clear transpar- 
ent red. When you observe this condition, cycle the 
system until the condition is corrected, since air in the 
system will cause faulty operation and false gage 
indication. 


OPERATIONAL CHECK-OUTS AND 
TROUBLE SHOOTING RELATIONSHIP. 


Тһе close relationship berween the maintenance prob- 
lems encountered in trouble shooting the airplane 
and in performing operational check-outs cannot be 
stressed too strongly. Always bear in mind that the 
best and quickest way co solve a maintenance problem 
when it is encountered ín an operational check is to 
refer to the trouble shooting lists found in the main- 
tenance manuals, or what you have learned from pre- 
vious trouble shooting. 


PERFORMING OPERATIONAL CHECKS. 


During the actual operational checks observe all parts 
and components to verify their correct actuation, check 
for proper extremes of travel, check for leakage during 
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and at end of component travel, and finally check for 
proper sequencing of the various components in a 
system. Troubles that could be encountered during 
the checks and their causes and corrections are out- 
lined in the F-102A Maintenance Manual, Т.О. 1Е- 
102А-2-3. 


SUMMARY. 


This training supplement has presented you with а 
general review of hydraulic principles, and it has 
shown how these principles are adapted to a modern 
hydraulic system such as the one in the F-102A. After 
reviewing basic hydraulic theory, you learned about 
the primary, secondary, and emergency hydraulic 
systems in the F-102A and how these three systems 
furnish fluid pressure for the five operating subsys- 
tems. This information provided you with a complete 
descriptive and operational analysis of the entire 
F-102A hydraulic power system. Chapter III described 
how the primary and secondary systems assist che 
flight control system in performing its duties. Тће last 
chapter has explained the hydraulic operation of the 
landing gear, nose wheel steering, speed brakes, and 
the emergency a-c generator systems. 


Jn addition to the operational and maintenance infor- 
mation which you retain from this manual, you should 
also remember several other important facts. These 
facts pertain to the use of this manual. In many 
cases, the descriptions of the various hydraulic sys- 
tems contained specific values and pressures. These 
values and pressures were used for explanatory pur- 
poses only, and they should not necessarily be used on 
the flight line. The latest information of this nature 
can be found in your F-102A Maintenance Manual, 
Т.О. 1Е-102А-2-3. In some instances, references have 
been made to the fact that not all of the airplanes have 
the same types of components in their hydraulic sys- 
tems. Мо attempt has been made to point out the 
particular airplanes which have certain components 
and/or those airplanes that have other types. This 
information, too, should be obtained from your F-102A 
maintenance manual, Т.О. 1Е-102А-2-3. You should 
keep іа mind that this training supplement does not 
replace the maintenance manual—it is for your оп. 
the-job training for this new airplane. From this point 
on you will learn the fine points of màintenance by 
actual experience, 
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Many of us, watching a present day high speed jet air- 
craft streak across the sky, find it hard to appreciate 
the tremendous strides taken in the past 50-odd years 
of development. Improvements in military aircraft 
ability to fly faster and higher and carry more arma- 
ment have demanded improvements in powerplant 
engineering and fuel/oil chemistry to the point chat 
the turbo-jet engine has become a precision instru- 
ment. It definitely was not always this way. 


Inspection and maintenance procedures have been rad- 
ically changed and have become more and more com- 
plicated. Therefore, the knowledge of the mechanic 
must be expanded. To properly inspect and maintain 
the high speed aircraft of today with all their ad- 
vanced systems, YOU HAVE TO KNOW WHAT 
YOU ARE DOING. When you view the F-102A air- 
plane, it is certain to impress you as an intricate and 
highly advanced mechanism. The airplane loses much 
of its complexity, though, when you break it down 
into parts and study the operation of each part. 


The purpose of this training supplement is to acquaint 
you with the ]57 engine as installed in the Е-102А 
airplane. Much time has been spent in anticipating 
your questions about the engine and its related sys- 
tems, Every attempt has been made to make this an 
interesting training supplement which can be used, 
nót only for familiarization by the student mechanic, 
but also as a reference guide for the top mechanic in 
your squadron. The amount of information you digest 
from this supplement will determine your effective- 
ness as a member of the ground support team óf the 
F-102A airplane. 


DEVELOPMENT OF THE GAS TURBINE. 


Many of us may think of the theory of the gas turbine 
as being relatively new. Actually, the gas turbine prin- 
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ciple was used as far back as about 130 B. C. Ar chat 
time, Hero designed and constructed what was known 
as "Hero's Áeolipile". You will notice in figure 1-1 
that the Aeolipile was nothing more than a revolving 
boiler. Two nozzles discharged steam at right angles 
to the axis of rotation, thus imparting a spinning 
action to the boiler. The Aeolipile was nothing but a 
toy; however, it laid the ground work for later exper- 
iments which accomplished useful work. 


Possibly the earliest date at which a machine accom- 
plished useful work was іп 1629, when an Italian en- 
gineer, Giovanni Branca, designed and built the firsc 
actual! turbine. This machine, called "Branca's Tur- 
bine Application," is illustrated in figure 1-2. As you 
Can see, it was an open-air combustion chamber with 
a spherical boiler and a discharge nozzle directed 
against a turbine wheel. Note also how the turbine 
wheel drives the pinions which in turn, through a 
speed reducer, drive a stamp mill. This was the first 
reduction gear. It is interesting to note (һас Hero's 
Aeolipile, and other machines since, were of the pure 
reaction type; while in Branca's Turbine Application 
we have the first concept of the impulse wheel. 


The reaction of a mass when its velocity is changed 
may be considered jer propulsion. Newton's Laws of 
Motion state: (1) "every action produces a reaction 
which is equal in force and opposite in direction," 
(2) "the force exerted equals the mass times the rate of 
change in velocity." As an example of Newton's Laws 
of Motion, let us consider a pistol when fired, as illus- 
trated in figure 1-3. To some, it may seem that a pistol 
recoils because of the expelled gases pushing on the 
air. This is not true—a pistol recoils in accordance 
with Newton's Laws of Motion. Whether a pistol is 
fired through water, ordinary atmosphere, or a vac- 
uum, the recoil in all cases is exactly the зате, This, 
of course, disproves che commonly accepted idea that 
the expelled gases push on the surrounding air. The 
high velocity jet blast of an airplane engine may be 
considered a continuous recoil, imparting an opposite 
reaction (thrust) to the airplane. 


Тһе automobile is commonly accepted as the first 
horseless carriage, but in 1680 Isaac Newton designed 
a model steam carriage of the pure reaction type. Ав 
you can see in figure 1-4, it housed a jet reaction unit 
on а four-wheel chassis. In this model, combustion 
took place in a closed combustion chamber—steam be- 
ing generated in a spherical boiler and ejected rear- 
ward through a discharge nozzle. This action propelled 
the carriage forward. The driver controlled a steam 
cock in the discharge nozzle to control the speed. This 
device aptly illustrated Newton's Law of Motion, "for 
every action there is a reaction which is equal and 
opposite in direction," as mentioned above. 
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Figure 1-4. Newton's Carriage 


RECENT DEVELOPMENTS IN 
JET ENGINES. 


Тһе patent which outlined the basic form for all 
modern gas turbines was applied for on January 16, 
1930, in Great Britain, by Air Commodore Frank 
Whittle. Studying Whittle's patent sketch (see figure 
1-5), you will notice its similarity to present day 
turbojet engines. Commodore Whittle first conceived 
his idea in 1928 while in his fourth term as а flight 
cadet at the R.A.F. College, Cranwell. However, it was 
not until May l4, 1941, that his dream became a 
reality and a turbine engine was installed in an air- 
frame and flight tested. 


While Whittle was busy conducting tests on his en- 
gine, the Germans brought out several interesting 
designs, among which was the Jumo-004. This engine 
was interesting in that it had an eight stage axial-flow 
compressor, six individual сап-суре combustion cham- 
bers, a single-stage turbine wheel, and a tail cone with 
an adjustable bullet. The compressor construction was 
interesting because of its disc design and method of 
assembly. The burners were also interesting because 
of the method of flame propagation. 


During World War 11, there was a constant inter- 
change of ideas between England and the United States 
to hasten the development and production of jét en- 
gines. Under this agreement а Whittle engine was 
brought to this country for study. The General Elec- 
tric Company was awarded a military contract to 
develop an engine for flight-test purposes. Bell Аіг- 
craft Company was selected to build the airframe. The 
Westinghouse Electric Company and Allison Engine 
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Figure 1-5. Whitile's Engine 


Company were both awarded military contracts for re- 
search and development in the turbojet engine field. 
At the same time, the Rolls-Royce Company of Eng- 
land was given the original Whitcle Engine to develop. 
After a series of modifications and improvements, the 
Rolls-Royce "Nene" engine was produced. This engine 
was tested in the United States and the rights to pro- 
duce it were purchased by the Pratt & Whitney Air- 
craft Engine Company. Many improvements and con- 
formances то American standards have subsequently 
been made on the engine. Many organizations in the 
United States are currently working on numerous 
experimental engines. In view of this and che vase 
amount of engineering hours devoted to research and 
development, ic is safe со conclude that the jet engine 
is here to stay. 


TYPES OF JET ENGINES. 


At this point, it becomes obvious that the term “jet 
engine" in itself means very little. Many different 
types of jet engines are being developed and produced. 
As a result of all this research and development we 
now have aviation gas turbines, athodyds, and rockets 
—all of which will be explained in the following 
paragraphs. 
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AVIATION GAS TURBINES, 


Turbojet engines fall into two categories. They are 
either of the axial-flow or the cencrifugal-flow type. 
The turbo-prop engine also falls into either of these 
categories; however, it is usually an axial-flow design 
incorporating a propeller. From figure 1-6, you can 
see the primary design differences becween these types. 
Each has its advantages and disadvantages. For іп- 
stance, the axial-flow design is more efficient because 
of its high pressure rise; but its manufacturing costs 
are greater, it is less stable, and its over-all length is 
greater. The centrifugal-flow design is more stable 
and is cheaper to manufacture; bur it has а limited 
pressure rise. Also, its diameter is greater, and, as a 
result, the airframe can not be as streamlined as with 
the other design. 


ATHODYDS. 


Athodyds fall into two separate and distinct types— 
the pulse-jet and the ram-jet. The pulse-jet, like other 
jet engines, creates its propulsive force by accelerating 
the airstream passing through the engine. The ош- 
standing characteristic of the pulse-jet is that the air is 
admitted into che combustion chamber through shut- 
ters or flapper valves in gusts, thereby causing the jet 
са be intermittent (pulse). The ability of the ram-jet 
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Figure 1-6. Aviation Gas Turbines 
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Figure 1-8. Rockets 


to produce thrust depends on the velocity change in 
the same manner as any other reaction engine. It can 
be defined as а compressorless engine which depends 
upon the conversion of energy of the incoming air for 
its compression pressure, Figure 1-7 shows a cross- 
sectional schematic of both types of athodyds. 


ROCKETS. 


The rocket develops thrust by accelerating large quan- 
tities of gases generated by the chemical reaction of 
self-contained propellants, The chemical reaction is 
produced by mixing two propellants together inside 
the rocket. Figure 1-8 shows the principal elements of 
а bi-propellant liquid-fueled rocket. Notice, it has 
nothing more than a combustion chamber and a соп- 
verging exhaust nozzle. The propellant gases are 
produced in the combustion chamber at pressures 
governed by the chemical characteristics of the pro- 
pellants, their rate of consumption, and the cross. 
sectional area of the nozzle throat. The gases are 
exhausted into the atmosphere through the nozzle at 
supersonic speed. The nozzle converts the pressure of 
the propellant gases into active energy. The reaction to 
the discharged propellant gases is the thrust developed 
by the rocket. 
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The propellants employed in a rocket may be a solid, 
two liquids (fuel plus oxidizer), or materials contain- 
ing an adequate supply of available oxygen in their 
chemical composition. 


THE J57 ENGINE AND ІТ5 COMPONENTS. 


Whether you are an experienced or inexperienced 
mechanic, or whether you have had a wide variety of 
jet engine maintenance experience or have only re- 
cently graduated from Air Force Technical School, 
thís engine should prove a challenge. 


Тһеге are two engine models installed іп the Е-102А 
airplane, The earlier airplanes have a Pratt & Whitney 
157-Р-41 series engine which. develops 14,800 pounds 
static thrust at sea level with afterburning. On later 
airplanes, a ]57-P-23 series engine rated at 16,000 
pounds static thrust at sea level with afterburner 
is installed. Figure 1-9 shows the main physical differ- 
ences in the two engines. 


Both engine models are of a unique design in that 
each incorporates a dual-spool compressor section (two 
separaté compréssors) working in conjunction with a 
three-stage turbine section (three turbine wheels). The 
compressors have an inter-compressor bleed system for 
matchíng compressor outputs throughout the engine 
operating range. Burner "can" construction is interest- 
ing because of the method of flame propagation and 
control of the flame within the “can.” These two fac- 
tors will be discussed later in Chapter П when you 
will learn about the engine fuel system. On earlier 
engines, the afterburner has a two-position iris-type 
(opens like a flower) discharge nozzle with 24 actuat- 
ing cylinders. The later engine has a two-position 
flap-type (eight segments) afterburner discharge noz- 
zle with only eight actuating cylinders. In figure 1-10 
the two types of afterburner discharge nozzles are 
shown. 


The engine is installed in the aft section of the fuse- 
lage. Because of the engine location, a split-type (dual) 
air intake duct, converging into a single duct just 
forward of the inlet guide vanes, is necessary. Remov- 
ing and installing thé engine is accomplished frony che 
aft end of the airplane. This practice is necessary 
because of the "delta wing" design which prevents 
the more conventional method of "breaking" the fuse- 
lage and handling the engine from the fuselage "break 
point." The lubrication system is an engine-contained 
system with the exception of the air/oil cooler which 
is supplied by the airframe manufacturer. Fuel is sup- 
plied to the engine from six wing fuel tanks with a 
total usable fuel capacity of approximately 1070 US. 
gallons. There are also provisions for the installation 
of jettisonable external wing fuel tanks. Аз you can 
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Figure 1-10. Afterburners 


see, we have соте a long way since the 16-horsepower 
machine the Wright Brothers flew at Kittyhawk in 
1903. 


COMPRESSOR SECTION. 


From the sectional view of the illustration in figure 
1-11, you can see that the forward М) (low pressure) 
compressor is made up of nine rotor stages, eight disk 
spacers, and a front and rear hub. The stator, or fixed, 
blades, are located radially between the rotor blades 
and are attached to che compressor case. The aft М, 
(high pressure) compressor is made up of seven rotor 
stages and six fixed blade stages. All rotating blades 
are relieved or have “thinned” tips to allow for closer 
tip tolerances. They are fitted to their rotor disks by 
contoured slots and are secured with clips. The blades 
аге not rigidly attached, rather, each blade actually 
has a small amount of "ріау" or freedom of movement. 


COMBUSTION SECTION (BURNER SECTION). 


Compressor sixteenth-stage air pressure passes through 
the diffuser section that directs the airflow into the 
combustion area. The fuel manifold and nozzles are 
mounted on the burner cans and discharge fuel into 
the cans. Тһе burner section housing is attached to the 
diffuser rear flange and contains the eighe horizontal, 
radially-mounted and interconnected combustion cham- 
bers. As you can see in figure 1-12, the combustion 
chamber consists of perforated outer and inner liners. 
It has six openings on the forward face that align 
with the fuel nozzles, The cans can be removed indi- 
vidually and are basically interchangeable. The odd- 
numbered cans have female interconnect flame tubes, 
and the even-numbered ones have male interconnects. 
Because of this the odd-numbered cans are only inter- 
changeable with other odd-numbered cans and even- 
numbered cans with other even-numbered cans. No. 4 
and No. 5 burner cans have openings for igniter plugs 
(spark igniter guide). There is no pressure rise in che 
burner "can" despite the fact that combustion takes 
place within the can, producing both a temperature 
and a velocity increase. Actually, pressures at the tur- 
bine inlet are lower than those in rhe diffuser seccion. 
The turbine inlet collects the combustion section gases 
and adapts the gas flow to the turbine. The expansion 
of gases takes place across the turbines, furnishing the 
power required to drive the turbines. It is also inrer- 
esting to note that the combustion is contained within 
the can; there is no flame passing through the turbine 
stages except during afterburner ignition. 


TURBINE SECTION. 


Аз noted previously, che turbine section is made up of 
three stages. Аз you can see from figure 1-11, the firsc 
stage turbine drives the afr or high-pressure com- 
pressor rotor. Note also how the final cwo intercon- 
nected stages drive the forward or low-pressure com- 
pressor rotor. Fixed vanes are incorporated in the 


POWER PLANT 


turbine inlet, with stator blades located between the 
turbine stages. The shrouded turbine blade tips pro- 
vide а good seal and permit thinner blade seccions. 
The rotating blades are attached to the turbine disk 
by "fir tree" serrations and are secured by rivers lying 
fore and aft at the top of each "fir tree.” The shrouded 
blade tips are scarf cut (cut on an angle) and inter- 
lock with adjacent тір shrouds; however, a small gap 
exists berween adjacent tip shroud edges on the first 
and second turbine stages, permitting a small amount 
of "play." The third stage turbine blades are attached 
to the disk in the same manner, but are without the 
shroud edge gap in the static condition. During engine 
operation, however, the forces on the blades result in 
a small edge gap and blade freedom—similar to that 
found in stages 1 and 2. Seals, shaped like a knife-edge, 
are used to prevent the gases from entering the rotor 
base areas, and fixed turbine exit vanes straighten this 
air flow as it leaves the turbine. The turbine rear 
bearing support is secured by eight rods projecting 
radially chrough the turbine exhaust cast struts. 


AFTERBURNER SECTION. 


Normal engine thrust is augmented by afterburning 
such as needed for take-off, climb, or for any other 
flight condition requiring additional thrust. After- 
burner operation usually increases normal engine 
thrust by approximately 50 per cent. This thrust aug- 
mentation results from the ignition of fuel introduced 
into che afterburner for this purpose, The oxygen that 
is necessary for combustion is furnished by the surplus 
air that is not required during (һе normal engine 
combustion process. Although afterburning is far from 
efficient, fuel-wise, it provides a relatively simple 
means of augmenting normal engine thrust. 


The afterburner is merely a ram-jet type engine at- 
tached to the engine turbine section. It is composed 
of a diffuser section, burner section, and a variable 
nozzle. Looking at figure 1-13, you will see that fuel 
is introduced through 24 spraybars in the diffuser 
section. This fuel is ignited by the "hoc streak" igni- 
tion method. In this “hot streak" type of ignition, che 
igniter valve introduces a small amount of fuel into 
No. 3 burner can. This momentary enrichment results 
in a flame—extending through the turbine blades— 
which ignites the fuel at the afterburner spraybars. 
Three circular flame holders, located in the diffuser 
section, retain che flame within the afterburner. A two- 
position pneumatically operated exhaust nozzle is 
automatically opened (during afterburning) and closed 
(for normal engine operation). During afterburner 
operation, the opening of the exhaust nozzle insures 
normal tailpipe cemperatures and pressures. 


Тһе afterburner is a cantilever structure that features 
a double-wall construction in che aft portion for rigid- 
ity and cooling purposes. Afterburner fuel pressure 
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Figure 1-11. Compressor and Turbine Sections 
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Figure 1-13. Afterburner Components 


actuates the exhaust nozzle concrol valve, which ports 
sixteenth-stage air pressure co the OPEN side of the 
nozzle actuating cylinders. When afterburner fuel 
pressure falls off, spring pressure in the exhaust nozzle 
control valve ports sixteenth-stage air pressure to the 
CLOSE side of the nozzle actuating cylinders. 


ACCESSORY SECTION. 


The accessory section is located at the bottom of the 
engine in the “wasp waist" or smallest cross sectional 
area, as shown in figure 1-14. Power to drive this acces- 
sory section is taken from the high-pressure com- 
pressor rotor's rear hub—transmitted through match- 
ing gears on a canted shafe and forward through rhe 
horizontal shaft to the accessory drive case—at a ratio 


of 7 co 1. Driven units аге che two hydraulic pumps 
(17) and (40), the pneumatic starter (16), the tachom- 
eter-generator (mounted on the forward face of the 
fuel pump/transfer valve (21), and the engine fuel 
control (35), located on the right and left aft face of 
the accessory drive housing, respectively). Other com- 
ponents located in this area are the fuel pressurizing 
and dump valve (28) and the cwo ignition transformers 
(26) and (33). The afterburner (А/В) igniter valve 
(2), A/B fuel regulator (23) and the exhaust nozzle 
control valve (27) are located on the right side of the 
engine in the "wasp waist" area. The Sundstrand 
constant-speed drive unit (39) is mounted becween the 
starter and the mounting pad. Notice that some fuel 
and oil system components are located in this area too 
—these will be discussed later in this supplement. 
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Figure 1-14. Accessory Section 
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Figure 1-15. Compressor Bleed System 


COMPRESSOR BLEED SYSTEM. 


The compressor bleed system is used to maintain the 
best rpm and pressure relationship between the N, and 
М, compressors throughout the engine operating range. 
Its primary function is to minimize the possibility of 
compressor stall duriag acceleration and deceleration. 
The }57-Р-41 engine incorporates two bleed valves, 
while the J57-P-23 engine features a single bleed 
valve. The function of both engine bleed systems is 
identical, but for clarity we shall study the dual bleed 
valve system. The two bleed valves and their actuators 
are located on either side of the top center line of the 
"wasp waist" section. The compressor bleed governor 
is mounted on the N, accessory section го control the 
bleed valve operation. At low power settings both 
bleed valves are open and a portion of № compressor 
outlet is vented overboard. These two valves do пог 


operate simultaneously; instead, during engine ассе!- 
егагіоп the right valve closes first and the left valve 
closes shortly thereafter. During engine deceleration 
the left valve opens first and the right valve opens / 
later as engine speed is reduced. This operation is 
entirely automatic. The bleed valves are controlled by 
the compressor bleed governor, which senses N, rpm, 
along with temperature and pressure, at the inlet guide 
уапев. Varying low pressure compressor speeds, biased 
by inlet air temperature and pressure, position the 
pilot valves which direct sixteenth-stage (air pressure 
bled from the last stage of IN; compressor) air pres- 
sure to either the OPEN or CLOSE side of the two 


bleed valve actuators. 


ENGINE ANTI-ICING SYSTEM. 


То prevent ice accumulation on the inlet guide vanes, 
heated sixteenth-stage air pressure is ducced through 
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Figure 1-16. Апії-ісіпу System 


hollow vanes, Figure 1-16 shows the two separate air 
lines leading forward from the diffuser section to 
the chamber surrounding the inlet guide vanes and 
through the vanes. Airflow is controlled directly by 
the two electrically-operated anti-ice air valves and 
indirectly by the two anti-ice air regulators. 


The two air valves open when che anti-icing system 
is initiated by the engine anti-ice detector system. 
When the valves are open, air from the compressor 
diffuser section is routed to the inlet guide vanes. The 
anti-ice air regulators—located directly upstream from 
the shutoff valves—automatically contro! the air flow. 
Each regulator contains a bi-merallic coil spring that 
moves its valve toward the CLOSED position as the 
air temperature increases. Accordingly, airflow to the 
inlet guide vanes proportionately reduces as the anti- 
icing air temperature rises, 


Notice that anti-icing air flows from che іпіес guide 
vane outer chamber—between the outer case of the 
inler guide vane and the outer shroud — inward 
through the Hollow vanes to the inner chamber— 
between the inlet guide vane inner shroud and the 
inlet guide vane air passage cone. You can see chat air 
flows forward from the guide vane roots chrough the 
double wall accessory section fairing and exits aft of 
the nose cap. 
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ENGINE MAIN BEARINGS, 


Seven main bearings support and maintain alignment 
of the compressors, drive shafts, and turbines. You 
can find the exact location of the seven main bearings 
in figure 1-17. Bearing No. 1—а roller bearing lo- 
cared in che center of «һе forward compressor guide 
vane housing—supports the low pressure rotor front 
hub. А matched pair of ball bearings—attached to the 
compressor intermediate bearing support housing— 
make up the Мо. 2 thrust bearing that supports the 
low-pressure rotor rear hub. The high-pressure rotor 
front hub is supported by Мо. 3 roller bearing whose 
inner race is secured to the IN, compressor rear hub. 
The second pair of matched ball bearings make up the 
No. 4 thrust bearing thac supports the aft compressor 
rear hub. The bearing housing is secured to the dif- 
fuser case center section, and the inner race bears on 
the high pressure compressor drive shaft. Bearing Мо. 
4,5 is che intershaft bearing and is located about half- 
way between bearing No. 4 and iNo. 5. The inner 
race of this roller bearing is secured to the forward 
rotor drive shaft, and the outer race bears against the 
inner surface of the afr rotor drive shaft. The first 
stage curbine is supported by another roller bearing, 
Мо. 5, whose outer race is attached to the aft section 
of the turbine front bearing support structure. Bear- 
ing Мо, 6 supports the two rear turbine stages. The 
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Figure 1-17. Engine Main Bearings 


inner race of this roller bearing bears on the turbine 
rear hub; the outer race is supported by the turbine 
rear support. This support is secured by eight support 
rods projecting radially through the struts and ending 
in support journals on the outside of the case. 


These bearings incorporate spring-loaded hard carbon 
seals to control oil leakage. T'wo of these seal rings are 
located aft of No. 1 bearing. No. 2 bearing has two 
seals located ahead of the bearing installation. Two 
smaller ring seals for No. 3 bearing are located aft of 
the bearing in the seal housing. Two carbon rings, 
aided by knife-edged seals, are located ahead of Мо. 4 
bearing assembly. Oil escaping from No. 4.5 bearing 
is prevented from flowing aft becween the two shafts 
by a pair of ring seals. Two more ring seals are lo- 
cated aft of INo. 5 bearing to prevent oil leakage into 
the turbine area. Bearing No. 6 is sealed by two carbon 
ring seals located ahead of the bearing. 


SUNDSTRAND CONSTANT-SPEED DRIVE UNIT. 


Тһе constant-speed drive unit is incorporated in the 
F-102A airplane engine installation for the purpose 
of driving the a-c and d-c generators, and also as a 
mounting pad for the engine starter. You can see that 
the drive consists of an engine mounted gear box, an 
interconnecting drive shaft, and an airframe mounted 
transmission and gear box assembly. The engine 
mounted gear box has a mounting pad for the engine 
starter. This gear box is directly connected to the 
engine compressor shaft by bevel gears. 


The airframe mounted transmission and gear box 
assembly has two mounting pads, one for the a-c gen- 
erator and one for the d-c generator. When the engine 
is operating, its rotation is transmitted from the engine 
mounted gear box, to the interconnecting drive shaft, 


to the airframe mounted transmission and gear box 
assembly, and finally drives both the a-c and the 4-с 


generators. 


As has been previously mentioned, the airframe- 
mounted transmission and gear box assembly has a 
mounting pad for the a-c and d.c generators. The 
а-с generator mounting pad provides rotation for 
the a-c generator in a counterclockwise direction 
(facing the pad) at a constant speed of 6000 (+60) 
rpm, when the input (engine rotation speed) to the 
engine mounted gear box varies between 3585 to 
7020 rpm. The d-c generator rotational speed is not 
as critical as that of the a-c generator—as a result, it 
is driven at a direct ratio to engine rpm. 


OPERATION OF THE J57 ENGINE. 


Air entering the intake ducts of the airplane is di- 
rected into the forward М, low pressure compressor 
by the intake section inlet guide vanes. The action of 
the rotor blades against the stator blades increases the 
pressure of the incoming air. From the IN, compressor, 
the air enters the aft N; high pressure compressor and 
is further compressed through seven stages of rotor 
and stator blades. At this time, there is a relatively 
high pressure increase accompanied by a slight velocity 
decrease. This velocity decrease is necessary to prevent 
the flame from blowing out in the combustion 


chambers. 


As the air pressure leaves the М; compressor, it enters 
the burner section combustion chambers where it is 
mixed with injected fuel and ignited by two igniter 
plugs. All burner "cans" are interconnected, which 
permits simultaneous combustion in all eight "cans." 
Six spray nozzles in each "can" control the fuel spray 
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Figure 1-18. Sundstrand Constant-Drive Units 
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амега, which in turn controls the flame pattern 
within the "cans." Rapidly expanding gases move aft 
through a three-stage turbine to drive the turbine 
wheels. Тһе second and third stages of the turbine 
are directly connected to the N, compressor by a 
common shaft, and the first stage turbine is directly 
connected to the N, compressor shaft. Both drive 
shafts operate independently and rotate freely at their 
own speeds. The expanding gases force or drive the 
turbine wheels to turn at a high rpm. They in turn 
rotate the compressors at the same rmp. This causes 
air to enter che engine air intakes to provide the mass 
airflow to produce thrust. There is ап intercompressor 
bleed system which will balance the two compressor 
outputs automatically should they become unbalanced. 
This increases engine efficiency and stability. Each 
of the earlier J57 engines has a dual intercompressor 
bleed valve, while later engines have single valves. 


As these rapidly expanding gases speed rearward out 
of the tailpipe, they create a reaction in the opposite 
direction. This reaction produces the forward thrust 
necessary co move the airplane. 


POWER PLANT 


When the power lever in the cockpit is positioned in- 
to the afterburner detent, fuel is injected into the tail- 
pipe by 24 spraybars and ignited by a flame from che 
No. 3 burner "can." There are three "V" shaped cir- 
cular flame holders in the tailpipe which control the 
flame pattern within the afterburner. The two-posi- 
tion discharge nozzle opens, afterburner ignition takes 
place, and steady afterburning begins. As the throttle 
is retarded, fuel is shut off to the afterburner, the dis- 
charge nozzle is closed, and normal engine operation 
continues. 


SUMMARY. 


In chis chapter you have learned about the J57 en- 
gine, its operation, its design features, and the phy- 
зіса! location of components. By this time you should 
feel well acquainted with the engine and its closely 
related systems. If noc, you should review this chap- 
ter before starting the next. 


In the next chapter you will learn about the J57 en- 


gine systems—this will aid you in understanding the 
complete engine and its operation. 
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Summary 


In a turbojet engine, such as the J57, the compressor 
and turbine wheels are mounted on a single shaft ac 
opposite ends of the combustion area. When combus- 
tion takes place, the rapidly expanding gases flow 
through the turbine wheel vanes and cause the wheel 
to rotate. When the turbine wheel rotates, it drives 
the compressor, which packs air into che combustion 
areas. The increased combustion pressure imparts ad- 
ditional force to the expanding gases. This is che com- 
bustion cycle in a turbojet engine; and if there is some 
means of starting the rotation and combustion, the 
engine will produce a continuous flow of power. 


Іп addition to the basic part, which accomplishes the 
combustion cycle, every turbojet engine must also 
have several associate systems. These associate systems 
function to assure that the engine will produce its 
continuous flow of power in the best operating con- 
ditions possible. In this chapter you will learn about 
the major associate systems in che J57 engine. These 
include the fuel, oil, scarting and ignition, induction 
and cooling, and anti-icing systems. 


THE J57 ENGINE AND 
AFTERBURNER FUEL SYSTEM. 


The acceleration and deceleration control of a piston- 
type engine is usually accomplished by the throttle 
through the mechanical linkage between the throttle 
and the carburetor, and a similar arrangement for 
controlling the pitch of the propeller. With this суре 


of installation, the rate of engine acceleration and de- 
celeration is directly proportional to the rate of move- 
ment of these two controls in the cockpit, This con- 
dition, however, does not exist on jet engines. 


During the very early stages of jer engine development, 
it was learned that rapid movement of the throttle 
in either direction usually resulted in a rich blow-out 
or a lean die-out of the flame in the engine combus- 
tion chambers. Blow-out merely means that if the 
engine operator moves the throttle forward too rap- 
idly, he injects coo much fuel into «һе combustion 
chambers and the flame is blown out. Conversely, if 
he retards the throttle too rapidly, the engine flame 
dies out from lack of fuel. Since most pilots were ac- 
customed to the piston-engine суре of fuel controls, 
blow-out and die-out in early jet operation were quite 
common. Power plant design engineers decided that 
the best solution was to relieve the pilot of all direct 
control over the engine acceleration and deceleration 
rate. This decision led to the development of the auto- 
matic fuel control unit, which is more commonly 
called the main fuel control. 


The main fuel control allows the jet engine to ac- 
celerate and decelerate at а predetermined safe rate, 
thereby reducing the possibility of a flameout. This 
rate of acceleration and deceleration is kept constant 
by the main fuel сопгго! even though the power lever 
in the cockpit is moved rapidly. Аз you learn about 
the J57 engine fuel system in this chapter, you will 
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Summary ... 


In a turbojet engine, such as che )57, che compressor 
and turbine wheels are mounted on a single shaft at 
opposite ends of the combustion area. When combus- 
tion takes place, the rapidly expanding gases flow 
through the turbine wheel vanes and cause the wheel 
to rotate. When the turbine wheel rotates, it drives 
the compressor, which packs air into the combustion 
areas. The increased combustion pressure imparts ad- 
ditional force to che expanding gases. This is the com- 
bustion cycle in a turbojet engine; and if there is some 
means of starting the rotation and combustion, the 
engine wil! produce a continuous flow of power. 


Іп addition to che basic part, which accomplishes the 
combustion cycle, every turbojet engine must also 
have several associate systems. These associate systems 
function to assure that the engine will produce its 
continuous flow of power in the best operating con- 
ditions possible. In this chapter you will learn about 
the major associate systems in the J57 engine. These 
include the fuel, oil, starting and ignition, induction 
and cooling, and anti-icing systems. 


THE J57 ENGINE AND 
AFTERBURNER FUEL SYSTEM. 


Тһе acceleration and deceleration control of а piston- 
type engine is usually accomplished by the throttle 
through the mechanical linkage between the throttle 
and the carburetor, and a similar arrangement for 
controlling the pitch of the propeller. With this type 


of installation, the rate of engine acceleration and de- 
celeration is directly proportional to the rate of move- 
ment of these two controls in the cockpit. This con- 
dition, however, does not exist on jet engines. 


During the very early stages of jer engine development, 
іс was learned that rapid movement of the throttle 
in either direction usually resulted in a rich blow-out 
or a lean die-out of the flame in the engine combus- 
tion chambers. Blow-out merely means that if the 
engine operator moves the throctle forward too гар- 
idly, he injects too much fuel into che combustion 
chambers and the flame is blown out. Conversely, if 
he retards the throttle too rapidly, the engine flame 
dies out from lack of fuel. Since most pilots were ac- 
customed to the piston-engine type of fuel controls, 
blow-out and die-out in early jet operation were quite 
common. Power plant design engineers decided that 
the best solution was to relieve the pilot of all direcc 
control over the engine acceleration and deceleration 
rate. 'This decision led to che development of che ашо- 
matic fuel control unit, which is more commonly 
called che main fuel control. 


The main fuel control allows the jet engine to ас- 
celerate and decelerate at a predetermined safe гасе, 
thereby reducing the possibility of a flameout. This 
rate of acceleration and deceleration is kept constant 
by the main fuel control even though the power lever 
in the cockpit is moved rapidly. As you learn about 
the J57 engine fuel system in this chapter, you will 
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discover how the main fuel control unit governs both 
of these functions and relieves the pilot of almost all 
of the responsibilities of monitoring the fuel to the 
engine. 


The 157 engine and afterburner fuel system is de- 
signed to schedule fuel in the proper amounts to the 
engine under al! conditions of flight. This fuel system 
will supply the correct amount of fuel for fixed-power 
settings at varying temperatures and altitudes. Тһе” 
system will also permit proper engine acceleration 
and deceleration—without exceeding engine limita- 
tions, experiencing lean or rich blow-out, or experi- 
encing compressor surge. 


Although the engine and afterburner fuel system is 
designed to function as one individual fuel system, 
ir will be treated in this manual as if it were com- 
posed of two subsystems—the engine main fuel sys- 
tem and the afterburner fuel system. The engine main 
fuel system meters fuel according to che requirements 
of the engine for any given power lever setting. The 
afterburner fuel system schedules the fuel for after- 
burner operation, actuates the exhaust nozzle control 
valve, and initiares afterburner ignition. 


The engine-driven fuel pump/transfer valve is the 
only component that is common to both the engine 
and afterburner fuel systems. It is a combination unit 
with one part of the unit functioning as che fuel 
pump for both fuel systems and the other part of the 
unit scheduling fuel to the afterburner fuel system 
whenever required. The transfer valve part of this 
combination component also includes a safety device 
which automatically switches the fuel flow from the 
afterburner fuel system to the engine main fuel sys- 
tem іп the event that the fuel pump for the engine 
main fuel system fails. 


Тһе components in the engine main fuel system in- 
clude the fuel pump/transfer valve, the main fuel 
control unit, the fuel flowmeter, the fuel/oil cooler, 
the pressurization and dump valve, and the burner 
nozzles and manifolds. 


Тһе afterburner fuel system components are the fuel 
pump/transfer valve, the afterburner fuel regulator, 
the igniter valve, the exhaust nozzle control valve, the 
manual aftecburner shutoff valve, and the fuel spray- 
bars and manifolds. 


THE ENGINE POWER CONTROL SYSTEM. 


The pilots power lever control quadrant is located 
on the left side of the F-102A cockpit. The movement 
of the power lever is transmitted mechanically to the 
engine main fuel control unit and to the mechanically- 
operated afterburner shutoff valve. As you will note 
in figure 2-1, a Teleflex cable installation connects the 
power lever quadrant belicrank to the control mech- 
anism in the left side of che engine compartment. This 
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aft control mechanism is attached го a bellcrank on 
the engine control cross-over shaft. Solid linkage con- 
nects rhe bellcrank to the fuel control unit and to 
the afterburner shutoff valve. 


The slot in the power lever control quadrant permits 
fore and aft movement of the power lever. It also per- 
mits the power lever to be moved outboard and in- 
board to a limited degree. The fore and aft move- 
ment of the power lever is transmitted mechanically 
to the fuel control unit by means of the Teleflex cable 
installation. The inboard and outboard motion of the 
power lever actuates microswitches in the quadrant 
which control the engine starting and afterburner 
initiation. 


їп figure 2-2, nore that the fore and afr motion of 
the power lever is affected by both internal and ex- 
ternal detents and а trigger-operated mechanical stop 
(power lever trigger). The detents serve а two-fold 
function; they prevent the pilot from inadvertently 
moving the power lever co some undesirable position, 
such as retarding the lever to the OFF position, and 
the like; they also assure that the power lever must 
be moved in such a manner thar it will accuate the 
microswitches inside che quadrant. 


A flat pattern of the quadrant slot is shown in the 
right hand portion of figure 2-2. Note the START 
detent which permits the lower lever to be moved 
outboard from the OFF position. This detent also 
limits the forward movement of the power lever 
when the lever is positioned to the extreme outboard 
side of the lever slot. If the power lever is to be 
moved forward beyond the START detent, the lever 
must be returned to the inboard side of the lever slot 
so that it wil! clear the IDLE detent. From the IDLE 
position, the power lever can be advanced forward 
still further until it reaches the FULL MH. POWER 
position. At this point, a mechanical stop prevents 
advancing the power lever any farther until the crig- 
ger on the power lever is depressed. When the oper- 
ator pushes this trigger down, he can move the power 
lever from the FULL MIL POWER position to the 
TAKE OFF position. Movement of the power lever 
from the FULL MIL POWER position го TAKE OFF 
does not increase engine power; that is, the move- 
ment does not increase che amount of fuel that is 
delivered to the engine—the power lever movement 
merely positions the mechanical takeoff locks in the 
fue! control unit. These fail-safe takeoff locks prevent 
loss of engine power in the event of a malfunction 
in the burner pressure or inlet pressure sensing sys- 
tems. The mechanical takeoff locks in the fuel con- 
trol unit will be explained in greater detail later in 
this chapter. 


When the power lever has been advanced to about 
8096 power, the AFTERBURNER detent in the quad- 
rant cover allows the power lever to be positioned 
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outboard. Ав che power lever is pushed outboard in 
this detenc, it actuates microswitches inside the quad- 
rant to initiate afterburning. A spring-loaded Бай de- 
tent holds the power lever іп che AFTERBURNER 
detent. The afterburning operation is normally stopped 
by bringing the power lever back to the inboard side 
of the quadrant, thus de-activating the microswirches 
in the quadrant. The power lever has to be retarded 
about five degrees from the full forward position be- 
fore it can be brought out of che AFTERBURNER 
detent. This feature insures against che possibility of 
inadvertently stopping afterburning during take off. 
A mechanically-operated afterburner shutoff valve 
(controlled by the power lever movement) stops after- 
burning when the power lever is retarded below 80% 
power. 


During power reduction the power lever contacts the 
IDLE detent in the quadrant cover, А slight outboard 
movement of the lever allows the lever to clear the 
IDLE detent and be retarded still farther back into 
the OFF position. 


Referring back to figure 2-1, note chat both the power 
lever quadrant and the engine compartment aft bell- 
crank have adjustable mechanical stops which limit 
power lever movement. These mechanical stops are 
preset on all airplanes. Normally you will not have 
ro adjust these stops unless you are installing a new 
Teleflex cable assembly. Even when the engine is 
changed, the power control rigging is пог disturbed, 
and adjustment of the mechanical stops is not re- 
quired. 


Rigging the power lever linkage after bellcrank or 
Teleflex cable replacement, however, should пог pre- 
sent any complex problems. Before attempting to se- 
cure any part of the linkage, you must insert rig pins 
in both the power lever and engine aft bellcranks. 
The rig pins will keep «Пе two bellcranks in their 
OFF positions while you install the Teleflex cable 
assembly. Both of the adjustable mechanical stops on 
the bellcranks should be backed off so that they will 
not interfere with the rigging process. When install- 
ing а new Teleflex cable assembly, you must adjust 
the год end at each end of the cable until the rod end 
linkage bolts can be inserted. Do not remove the rig- 
ging pins until all bolts have beea rightened and all 
safetying completed. 


THE ENGINE FUEL SYSTEM. 


Тһе engine fuel system is usually. considered to be 
the heart of the engine. This fuel system performs 
two essential functions: first, ic provides a means for 
controlling che engine power output; and. secondly, 
it schedules the fuel to the engine as required for 
varing engine operation conditions. Power regulation 
could possibly be accomplished by controlling the 
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air flow at the engine air intake. However, the me- 
chanical problems imposed by such a control system 
make this суре of installation very impractical. Ас- 
cordingly, «Бе fuel flow rather than the air flow is 
regulated in the )57 engine. 


Modern jet engine design permits the pilot to select 
a power setting by merely positioning the power 
lever. The fuel control unit will then schedule suffi- 
cient fuel со prevent rich mixture blow-out during 
acceleration, lean mixture die-out during deceleration, 
and provide correct fuel flows for varying engine oper- 
ating conditions during fixed power lever settings. 


As mentioned earlier, che engine fuel system consists 
of an engine-driven fuel pump/transfer valve, the fuel 
control, fuel flowmeter, fuel/oil cooler, pressurizing 
and dump valve, and burner nozzles and manifolds. 
Figure 2-3, shows the entire engine fuel system. In 
these first few paragraphs you will be given a general 
description of che fuel system. Then, each compo- 
nent in rhe system will be discussed in detail. 


Nore on figure 2-3 that the fuel flows from the fuel 
pump/transfer valve to the main fuel control unit, 
This main fuel contro! unit has boch a primary (пог- 
mal) and an emergency metering system. The primary 
fuel system meters fuel automatically co the engine 
during normal operation. This automatic fuel meter- 
ing is accomplished by the fuel control governor fly- 
weight reaction against the power lever position. The 
amount of flyweight reaction is dependent upon the 
М, compressor pressure and the pressure in the burner 
"cans," As a safety feature in the primary fuel sys- 
tem, mechanical] takeoff locks are incorporated in che 
fuel control unit to assure an adequate fuel flow dur- 
ing takeoff in the event thar either of the pressure 
sensing systems fail. The emergency fuel system of 
the fuel control unic is entirely separate from the 
primary fuel system. Fuel metering during emer- 
gency operations is directly dependent upon rhe ро- 
sition of the power lever. There is, however, a device 
for limited altitude compensation in che emergency 
fuel system. 


Referring to figure 2-3 note that the fuel flows from 
the fuel control unit through the fuel flowmeter, chen 
passes through the fuel/oil cooler into the pressuriza- 
Чоп and dump valve. Fuel from this valve flows to 
the fue! nozzle manifolds located in che engine burner 
section. Each of the eight burner cans incorporate 
six dual fuel nozzles with primary and secondary 


openings. 


How the Fuel Control Primary 
Fuel System Operates. 


Тһе main fuel control unit is the only component 
in rhe engine fuel system which the piloc can directly 
control. As a result, che fuel control unit is the most 
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important single unit in the entire engine fuel sys- 
тет, This component provides fuel to the engine 
burner section at the proper volume and pressure to 
maintain the engine performance as demanded by the 
power lever setting. 


То perform these functions properly, the fuel control 
must be able to: provide acceleration control so chat 
turbine temperatures are not exceeded and a flame-out 
condition or compressor stall is not experienced; pro- 
vide deceleration control without lean mixture die- 
out; maintain a constant power setting regardless of 
altitude, air temperature, or airspeed; and provide 
emergency fuel without engine failure in the event 
the normal engine fuel system fails. 


Fuel control units vary with different engine installa- 
tions; however, by studying one particular type, the 
basic function of all fuel control units may be under- 
stood. The type discussed in this manual is the hydro- 
mechanical fuel control unit used on the J57 engine, 
which is shown in figure 2-4. 


The main fuel control unit is mounted on the lower 
left side of the engine accessory drive housing. This 
unit is driven at a ratio of 0,344 to 1. Its basic func- 
tion, as a speed-density fuel control, is to schedule 
fuel to the burner cans for normal engine operation 
without exceeding the engine limits. Fuel require- 
ments are determined by the engine operating condi- 
tions and the position of the power lever. Thus, the 
fuel control unit is basically a speed governor that is 
biased by burner pressure and inlet air temperature. 


The following paragraphs explain how the fuel con- 
trol unit operates. By frequently referring to the sche- 
matic of the engine fuel system, (figure 2-3), as you 
read these paragraphs, you will obtain a better un- 
derstanding of the main fuel control unit and its 
functions. 


Тһе primary fuel system supplies fuel for normal en- 
gine operation. Following the fuel flow from the 
pressure outlet of the fuel pump/transfer valve, seé 
figure 2-3, you will note that fuel enters the fuel con- 
trol unit and immediately passes through the spring- 
loaded fuel inlet filter. ТЕ the filter should become 
clogged, the incoming fuel will force the filter from 
its seat and bypass unfiltered fuel into the fuel con- 
сої unit. Downstream from the filter, the fuel flow 
is divided—one fuel passage leads to the fuel meter- 
ing valve, the second passage leads to the anti-spring 
side of the emergency shuttle valve in the upper part 
of the fuel control unit, and the third passage leads 
to the constant-head bypass valve. The constant-head 
bypass valve gets its name from the description of 
its job—it maintains a constant fuel head (pressure) 
across the fuel metering valve. The fuel in excess of 
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that required by the metering valve is routed by the 
bypass valvé back to the fuel pump/transfer valve. 
In the schematic of the engine fuel system, figure 2-3, 
this return flow is shown in yellow. 


Metered fuel enters the hydraulically-balanced emer- 
Bency shuttle valve (which is held open by spring 
pressure) and then flows to a cutoff valve. As shown 
in figure 2-3 this cutoff valve is mechanically operated 
by the power lever and the valve is always open when 
the engine is operating. Аз the fuel flows from the 
cutoff valve, it passes through a pressure loading valve 
and then out of the fuel control unit discharge port. 


THE MAIN METERING VALVE AND BYPASS 
VALVE. The metering valve and the constant-head by- 
pass valve combination can be considered the heart of 
the primary fuel system in the fuel control unit. These 
two valves determine how much fuel is metered to the 
engine combustion chambers. The fuel from the en- 
gine-driven fuel pump is routed to the metering valve 
where it flows through a single orifice, or hole, in the 
metering valve. The size of the metering valve orifice 
is variable and it is automatically controlled. А соп- 
stant pressure drop across this orifice is maintained 
by the constant-head bypass valve. 


` The metering valve is а sleeve-type valve with two 


stepped slots (180? apart) and two deceleration slots 
(also 180? apart) which align with fixed slots in the 
valve sleeve. The valve sleeve is attached to the fuel 
control unit body and the valve moves inside the 
sleeve, The metering valve moves both radially and 
axially to establish the required metering orifice. In 
other words, the metering valve turns as well as mov- 
ing fore and aft. The valve axial movement is ob- 
tained by the fore and aft movement of the power 
lever in the cockpit. This axial movement of the valve 
tends to open or close the metering valve orifice, de- 
pending upon whether the power lever is being ad- 
vanced or retarded. This axial (fore and aft) movement 
is accomplished through the governor setting cam 
and attendant linkage by servo action to the gover- 
nor spring. The power lever motion either increases 
or decreases the governor flyweight's spring tension 
and the resultant metering valve position depends on 
governor fiyweight reaction and the goyernor spring 
pressure. The metering valve movement is also biased 
by two other factors: burner pressure acting through 
the burrier pressure servo mechanism causes а rotary 
motion of the metering valve; a restraining action to 
axial movement is imposed during acceleration by the 
acceleration governor, cam, and linkage. In addition 
to these biasing factors, compressor inlet temperatures 
also control the metering valve position, The varying 
inlet temperatures result in movement of both the 
governor setting cam and the acceleration cam. Both 
of these cams, by means of cam followers and linkage, 
axially position the metering valve. 
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4. Main Fuel Control Unit 


Figure 2 
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As mentioned before, the constant pressure drop across 
the metering valve is maintained by the constant-head 
bypass valve assembly. This keeps a constant pressure 
differential between the unmerered and the metered 
fuel. If the pressure drop across the metering valve 
starts to vary from its proper value, the bypass valve 
either opens or closes to regulate the amount of un- 
metered fuel that is to bypass the metering valve. The 
bypass valve accomplishes its job by means of spring 
pressure, А bellows and hollow-stemmed servo valve 
maintain the spring at a consrant length by varying 
the bellows length to follow the movement of the 
bypass valve. This type of arrangement always keeps 
the same spring pressure on che bypass valve regard- 
less of where the valve is positioned. Referring to 
figure 2-3, you will note that metered fuel is also 
routed co the bypass valve. The pressure of the me- 
tered fuel combines with the spring pressure to op- 
pose the pressure of the incoming unmetered fuel. The 
resulting balancing accion of the pressures position 
the bypass valve. 


TEMPERATURE COMPENSATION IN THE FUEL 
CONTROL UNIT. The temperature of the air at che 
compressor inlet also affects fuel scheduling in the 
primary fuel system in the fuel control unit. This air 
temperature. compensation. is accomplished by me- 
chanical linkage inside the fuel control unit which 
axially positions the governor setting and acceleration 
cams. Note in the engine fuel system schematic, figure 
2-3, that a temperature sensing bulb is installed іп 
the compressor inlet case. This sensing bulb is con- 
nected by a capillary tube to a bellows and spring- 
loaded piston in the fuel control case. The tempera- 
rure sensing bulb is actually a liquid-filled. bulb. A 
better view of the sensing bulb and its connecting 
capillary tube is shown in figure 2-4. The tempera- 
ture variations of the engine compressor inlet air 
cause the liquid to expand and contract. This in- 
creasing and decreasing pressure of the liquid is 
transmitted to the fuel control unit by means of the 
capillary tuhe. The resulting motion of the bellows 
and piston caused by the liquid pressure variations 
moves the cam shaft axially. This axial cam shaft mo- 
tion causes the cam followers to reposition in respect 
to the axial contour of the cams. The cam follosvers 
are mechanically connected to the metering valve, 
and their repositioning movement caused by the tem- 
perature variations affects rhe meter valve position. 


As mentioned earlier in the description of the fuel 
control unit, you should never disconnect rhe capillary 
tube from the fuel control unit. Each fuel control unit 
has a temperature bulb and capillary cube attached 
to it at the factory and che units аге matched. for 
proper operation; consequently, che units should never 
be changed individually. 
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BURNER PRESSURE COMPENSATION IN THE 
FUEL CONTROL UNIT. The efficiency of the com- 
bustion of the fuel-air mixture in the jet engine com- 
bustion chambers is directly related to the pressure 
inside che combustion chambers (burner cans). The 
combustion efficiency is highest when the chamber 
pressure is high, and che efficiency steadily decreases 
as the chamber pressure drops. The pressure in the 
turbojet burner cans depends on engine speed, air- 
craft speed, and altitude. Since the fuel-air mixture 
depends on the combustion chamber pressure, спе fuel 
control unit uses a sensing system so that the com- 
bustion chambers receive the. correct amount of fuel 
for their existing pressures. This sensing system is 
known as the burner pressure compensation system. 


A pressure probe in the No. 4 burner сап acts as the 
sensing element for the burner pressure compensation 
system. The pressure line from che No. 4 can passes 
through the pressurization and dump valve housing 
and enters the burner pressure limiter inside the fuel 
control unir. In the engine fuel system schematic, fig- 
ure 2-3, the burner pressure is labeled in the index 
as М, Diffuser Pressure, and this pressure is shown 
in a blue-green color. 


As the pressure in the burner can changes, because of 
altitude and engine operating conditions, the pres- 
sure on the burner pressure bellows also changes. 
These bellows contract or expand (depending upon 
whether the pressure is increasing or decreasing) and 
activate the burner pressure servo. This servo action 
is transmitted through a rack-and-pinion, a shaft, and 
bevel gears to produce a rotary motion of the fuel 
metering valve. The result of this action is to either 
narrow or widen the fuel-metering slots in the fuel 
meter valve and to affect che primary fuel flow ac- 
cordingly. 


THE INTERNAL CUTOFF VALVE AND FUEL 
CONTROL BODY PRESSURIZATION. The mechan- 
ically-operated cutoff valve stops the fuel flow when 
the engine is shut down. In figure 2-3, the cutoff valve 
is shown in che upper portion of the fuel control unir. 
This valve is connected го the power lever linkage 
and che valve is open whenever the engine is oper- 
ating. А return line, connecting the fuel control body 
со the fuel pump inlet, prevents fuel pressure buildup 
wichin the fuel control unit body when the engine 
is shut down. This line is shown in yellow on figure 
- A resultant pressure drop within the fuel control 
unit body is transmitted co the pressurizing and dump 
valve by a sensing line, and this pressure causes the 
dump valve to drain the fuel nozzle manifolds. А 15- 
pound, spring-loaded valve is incorporated to control 
the body/pump inlec return line. The resultant fuel 
control unit body pressure insures proper operation 
with warm fuel by preventing over-speeding of the 
internal flyweight speed governor. 


MO 


INTERNAL PRESSURE LOADING VALVE. Metered 
fuel from the emergency shuttle valve enters the pres- 
sure loading valve chamber directly above che cutoff 
valve. Passage of the fuel to the control body dis- 
charge outlet is restricted by a spring-loaded piston 
that is backed up with fuel bypass pressure. The pres- 
sure exerted by the metered fuel co overcome the pres- 
sure on the loading valve insures sufficient pressure 
for normal servo action. 


FUEL CONTROL INTERNAL SERVO SYSTEMS. 
Servo assist is utilized in the power lever actuating 
linkage, acceleration cam/speed piscon linkage, and 
burner pressure metering valve linkage. Force reduc- 
tion of these three linkage systems is essential for 
proper fuel scheduling. Translation of temperature 
variation from the governor setting cam to the gov- 
ernor flyweight spring is made more effective through 
Servo action. Servo action also reduces the cockpit 
power lever load. Translation of burner pressure to the 
metering valve, and the speed flyweight reaction co the 
acceleration. cam is made possible by the burner 
pressure servo and the speed servo assemblies, re- 
spectively. 


Тһе source of pressure for these servo systems is un- 
metered fuel taken from che metering valve area. The 
Servo pressures are shown in yellow-green color in 
the schematic of rhe engine fuel system, figure 2-3. 
After passing through a filter, che unmetered fuel is 
ported to the three servo systems and, unless the 
servo system exit is restricted, che fuel passes out into 
the regulator case without causing servo action. If, 
however, a servo system exit is restricted, pressure 
immediately builds up within the respective system, 
and the servo piston moves пасі! the exit restriction 
is removed. Removal of the restriction decreases їл- 
ternal pressure and stops servo piston motion. Actually, 
the restrictions of the servo exits are caused by half- 
balls being positioned over the exit. This positioning 
of the half-balls in each of the three servo systems 
determines the degree of servo action. When a half- 
ball restricts a servo pressure exit, the resultant servo 
action will unseat the half-ball (through mechanical 
linkage) after traveling a predetermined distance. This 
action may be traced by careful examination of the 
servo systems in the fuel system schematic, figure 2-3. 


TAKEOFF LOCKS. A pair of mechanical locks is іп- 
corporated in the fuel control to insure adequate fuel 
flow in the event of either burner pressure or in- 
let temperature sensing system failure. During take- 
off these ratchec-type locks are engaged mechanically 
when the power lever is advanced from FULL MIL 
POWER position to the TAKE OFF position. Theo- 
retically, no power increase results during this power 
lever advancement, because the governor setting cam 
follower is following the cam "flat" during this opera- 
tion. А rise in power does, however, occur from 54° 


POWER PLANT 


power lever setting to the takeoff locks, or approxi- 
mately 144% military power increase. One locking 
lever is positioned adjacent to a collar on the cam 
shaft to prevent excessive shaft travel in the event of 
temperature compensating system failure. The second 
lock is positioned to prevent the burner pressure servo 
rack from closing the metering valve orifice below 
the predetermined position. Excessive engine over- 
speeding is prevented by governor flyweight action, 
which limits metering valve axial motion. 


After the takeoff has been accomplished, it is man- 
datory that che power lever be returned to che FULL 
MIL POWER position to remove the takeoff locks. If 
the locks are permitted to remain in the takeoff posi- 
tion, they will severely limit both the inlet tempera- 
cure and che burner pressure compensation that is 
necessary for proper fuel scheduling at high altitudes. 
Should either or both of the "locked" systems fail 
during takeoff, a slight power reduction may be 
noted. The amount of power fluctuation noted will 
depend on ambient air and altitude. If а component 
had failed, a more noticeable and possibly severe power 
reduction would be noted when rhe power lever re- 
leases the locks as it is brought back to the FULL 
MIL POWER position. Under this condition it will 
be impossible to re-engage the locks by repositioning 
the power lever back to the TAKE OFF position. 
Under normal operating conditions the power lever 
should be moved back from the TAKE OFF position 
before reaching 6000 feer. 


How the Emergency Fuel 
Control System Operates. 


Тһе emergency fuel control system operates independ- 
ently of the primary (normal) fuel control system. 
It is important to note that there is, for the present 
at least, no provision for automatically switching from 
the primary operating system to the emergency sys- 
tem, Instead, the emergency system can be activated 
only by actuating the emergency switch іп the cock- 
ріс. А motor-operated rack-and-pinion drive positions 
the emergency pilor valve. In che normal position, che 
emergency pilot valve insures that the primary fuel 
control system output passes the emergency shurtle 
valve and is discharged in the conventional manner 
to the fuel pressurizing and dump valve. The emer- 
gency shuttle valve is hydraulically balanced during 
primary (normal) fuel scheduling. Spring pressure 
moves the shuttle valve to shut off the fuel passage 
to the emergency throttling valve, and the metered 
fuel is ported to che cutoff valve. When che cockpit 
emergency switch is actuated, che emergency system 
motor repositions the emergency pilot valve so chat 
fuel pressure is ported to the anti-spring side of the 
emergency shutcle valve, The emergency shuttle valve 
then moves against the spring pressure, opens the 
passage for unmetered fuel то enter the emergency 
throttling valve, and also shuts off the metered fuel 
passage to the cutoff valve. 
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Since emergency fuel operation completely isolates che 
primary or normal fuel regulating components, ап 
emergency throttle valve, emergency bypass valve, 
emergency altitude needle valve, and an emergency 
altitude compensating bellows (working in conjunc- 
tion with an evacuated bellows) take over the fuel 
scheduling duties, Emergency fuel metering is achieved 
by varying the emergency throttle valve. The linear 
travel and flow through this valve are in turn varied 
by moving the valve's fixed orifice in relation to a 
fixed, contoured needle and an idle bleed, which op- 
erates to maintain minimum flow. А constant pres- 
sure drop is maintained by the emergency bypass valve. 
'This valve is similar to that used in the primary or 
normal system, except that there is no compensation 
for varying spring length. Instead, the emergency 
bypass valve operates in conjunction with the emer- 
gency altitude needle valve to establish the desired 
metering load across the emergency throttle valve. 
Тһе emergency altitude needle valve is operated by 
linkage from che emergency altitude compensating bel- 
lows. Accordingly, altitude variations will either in- 
crease or decrease che fuel flow to che emergency 
throttle valve, 


During emergency operation, fuel scheduling is a di- 
rect function of power lever movement and no pro- 
visions are made to alter the fuel flow during accelera- 
tion, deceleration, or for variations of temperature 
and burner pressure. Because of this, the pilot must 
observe rpm, tailpipe temperature, and pressures very 
closely during emergency operation. Limited altitude 
{approximately 30,000 feet) compensation, however, 
is provided by action of the emergency altitude com- 
pensating bellows and the emergency altitude needle 
valve. 


Flight Line Adjustments on the Fuel Control Unit. 


Almost all of the adjustments that сап be made on 
the fuel control unit must be done on a flow bench 
by fuel control specialists, The only adjustments which 
you will be allowed to make on the flight line are 
the IDLE and MAXIMUM flow adjustments. These 
two adjustment points are shown in the upper por- 
tion of figure 2-5. Each of rhe adjustment screws are 
designed with spring-loaded detent balls го provide 
click-lock adjustment. Fourteen clicks equal one full 
turn of the adjustment. screws. 


Turning the IDLE adjustment screw in a clockwise 
direction increases the preload on the governor spring 
through the cam follower, increasing IDLE fuel flow. 
Turning the screw in the counterclockwise direction, 
of course, decreases IDLE fuel flow. 


The MAXIMUM adjustment screw геровсіопв che max- 
imum rpm lever inside rhe fuel control unir. This 
varies the effective length of the governor cam fol- 
lower-rod. Turning the MAXIMUM adjustment screw 
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clockwise increases the fuel flow. Because of the rather 
complex mechanical linkage between the adjustment 
screw and the maximum rpm adjustment lever, it is 
advisable го make four turns beyond the desired set- 
ting point when increasing the trim; then back off 
to the desired point. This method of first turning past 
the point and then back will eliminate the builr-in 
backlash in the complex mechanical linkage. When 
reducing the MAXIMUM trim, however, it is neces- 
sary only to turn directly co the desired setting. The 
later model fuel control units will have a revised, 
spring-loaded, mechanical linkage that will eliminate 
the need for turning beyond the desired setting point 
and then backing off. 


Fuel Pump/Transfer Valve. 


À three-stage engine-driven fuel pump, located on the 
right side of the engine wasp-waist section, provides 
fuel to both engine and afterburner (A/B). The fuel 
pump is shown schematically in figure 2-3. The first 
stage in the pump. is a centrifugal boost turbine at 
the fuel inlet. Fuel from this turbine flows through 
a spring-loaded screen to the inlet side of the two 
gear stages. Both gear stages and the turbine stage 
are driven from a common shaft at a ratio of 0,344 to 
1.0 and incorporate individual shear sections, Basically, 
one gear stage supplies fuel to the engine fuel con- 
trol, the other supplies fuel to the А/В fuel regulator 
and associated units, Each gear stage has a pressure 
relief valve which limits che pressure rise to approxi- 
mately 750 to 775 psi. А low-pressure warning light 
(in che cockpit) is connected to the engine gear stage 
outlet passage. This warning light system will be 
discussed later in Chapter IV. 


As you will note in figure 2-6, a transfer valve is at- 
tached to the engine-driven fuel pump body. The pri- 
mary purpose of the transfer valve is to provide fuel 
passage for engine operation and to supply fuel to 
А/В fuel components when afterburning is desired. 
During non-afterburning operations the normal А/В 
outlet is blocked by a motor-operated fuel shuttle 
valve. The fuel output from the A/B gear stage is 
then bypassed back to the gear inle. When А/В 
operation is initiated, the motor-driven fuel shutcle 
valve opens both che fuel supply line со, and the 
return line from, the A/B fuel regulator. 


An automatic fuel-regulating transfer valve, located 
between the А/В gear stage and the motor-driven 
shuttle valve, insures fuel flow to the engine fue! con- 
trol in the event of engine gear stage failure, This 
two-position regulating transfer valve has engine gear 
stage fuel pressure bled to one side of the valve; this 
pressure opposes A/B fuel regulator bypass pressure 
and spring pressure on the other side. During normal 
operation the engine gear stage fuel pressure raises 
the valve against spring pressure and A/B fuel regu- 
lator bypass pressure, chis permits the А/В gear stage 
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Figure 2-6. Engine-Driven Fuel Pump/Transfer Valve 
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fuel to flow to the motor-driven fuel shuttle valve, 
Should the engine gear stage fail, however, the re- 
sultant fuel pressure drop will cause the spring-loaded 
fuel regulating valve to move to block off the A/B 
gear stage outlet. Pressure building up in this line 
will unseat the spring-loaded check valve and permit 
fuel flow into the engine fuel regulator supply line, 
this prevents engine fuel starvation. 


If the afterburner is operating and the engine gear 
stage fails, the A/B fuel supply will be limited or 
shut off entirely. Earlier airplanes did not incorporate 
provisions to supply fuel to the A/B during the emer- 
gency action noted. Later airplanes, however, will pass 
sufficient fuel through drilled passages in the transfer 
valve to permit limited afterburning. 


The power lever quadrant in the cockpit has an A/B 
detent which parallels the regulator power setting slot 
through a range of 80% то 100% thrust for engines 
with А/В shutoff valves. Placing the power lever in 
this А/В detent actuates а microswitch in (һе А/В 
actuator motor circuit, and the afterburning cycle is 
initiated. When the power lever is taken out of the 
А/В detent, the А/В actuator motor is reversed and 
fuel flow to the А/В fuel regulator is stopped. Fuel 
scheduling for engine operation and for afterburning 
utilizes two separate sets of components downstream 
from the pump/transfer valve. The discussion imme- 
diately following will concern only those units used 
during engine (non-afterburning) operations. 


Fuel Pressurizing and Dump Valve. 


The metered fuel from the fuel control unit passes 
through the flowmeter and the fuel/oil cooler to the 
pressurizing and dump valve. As you will note in fig- 
ure 2-7, this pressurizing and dump valve is mounted 
on the engine fuel manifold just aft of the fuel con- 
trol unit. 


The pressurizing and dump valve accomplishes two 
functions—it controls the fuel flow to the primary 
and secondary injector nozzles in the engine burners, 
and it also dumps the nozzle manifold fuel when the 
engine has been shut down. When the engine is op- 
erating, fuel enters the unit through the inlet spring- 
loaded check valve and passes through a 200-mesh 
screen. Tracing the fuel flow on the schematic, figure 
2-3, посе that the fuel flows through the screen to the 
pressurizing valve. Fuel pressures from the fuel con- 
trol unit body are routed by means of a sensing line 
(shown in brown) to the anti-spring side of the dump 
valve—this sensing pressure keeps the dump valve 
closed while the fuel passes on со the pressurizing 
valve in the unit. 


During engine starting and low-power operation, all 
of the fuel (shown in green) flows directly to the pilot 
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Figure 2-7. Fuel Pressurizing and Dump Valve 


(primary) fuel manifold. But as the fuel pressure in- 
creases, the pressurizing (flow dividing) valve is un- 
seated. This causes a part of che fuel (shown in blue) 
to flow to the main (secondary) fuel manifold. As the 
engine power increases, more fuel flows to the main 
fuel manifold. 


When the power lever is brought back to the OFF 
position, the flow of fuel co the pressurization and 
dump valve is stopped. As the fuel pressure inside 
the fuel control unit body drops, the pressure in the 
sensing line also drops. Тһе spring pressure on the 
dump valve overrides the decreased fuel control unit 
body pressure and forces the dump valve open. *This 
drains the residual fuel from the manifolds and pre- 
vents any more fuel from entering. The spring-loaded 
inlec check valve in the pressurizing and dump valve 


33 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


prevents the fuel in the fuel/oil cooler from “boiling 
off" and dumping when the engine is shut down. 


Engine Fuel Manifold. 


The shrouded dual fuel manifold inter-connects the 
48 dual fuel nozzles. This manifold is built up as one 
complete assembly. Fuel metering for the engine fuel 
system terminates at the burner cans—each of che eight 
cans has six dual nozzles. The pattern of fuel discharge 
in the burner cans is accomplished by the nozzle de- 
sign, by air flow within the nozzle heads, and by swirl 
vane openings in the nozzles. 


Maintenance on the Engine Main Fuel System. 


The maintenance and trouble shooting requirements 
for che |57 engine fuel system аге somewhat more 
complex than the requirements for piston-type engine 
fuel systems. As you have already learned in the pre- 
ceding discussion of rhe engine main fuel system, 
each component in the fuel system does several jobs. 
Ава member of the F-102A ground maintenance team, 
it will be your responsibility to assure that each com- 
ponent adequately performs its jobs, and that all com- 
ponents function together to supply fuel то the en- 
gine as demanded. 


In all probability, your most difficult task in maintain- 
ing the engine main fuel system will consist in diag- 
nosing engine malfunctions and than trouble shooting 
the fuel system to determine which component is 
causing the trouble. Although a trouble shooting guide 
is included in the engine mainrenance technical order, 
some of the more common difficulties and their most 
probable causes are discussed in the following para- 
graphs. 


About 90% of che engine fuel system troubles will be 
traceable to the fuel control unit. This should be un- 
derstandable since the fuel control is a very complex 
system component. As you will recall, the fuel con- 
trol unit should provide acceleration and deceleration 
control; maintain a constant power setting regardless 
of altitude, temperature, or air speed; and provide 
emergency fuel without engine failure in the event 
the regular engine fuel system should fail. Whenever 
one of these functions is not performed, you can al- 
most be assured that the fuel control unit is malfunc- 
tioning. Since you are not allowed to perform any 
maintenance other than the IDLE and MAXIMUM 
flow adjustments on the fuel control, you must replace 
it with a serviceable control unit and send the de- 


fective control unit to the overhaul area for a bench 
check. 


Referring to figure 2-4, you will note that the in- 
stallation and removal of this engine fuel system com- 
ponent will be relatively easy. Before attempting to 
remove the unit from the engine accessory drive hous- 
ing, you should disconnect all of the fuel, sensing, 
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and electrical lines, and then provide some type of 
support for the unit. The capillary tube which con- 
nects the fuel control unit to the temperature bulb 
in che engine inlet must not be disconnected at the 
fuel control unit. The bulb and the connecting cap- 
Шагу tube must be removed with the fuel control 
unit. The reasons for this will be discussed later in 
this section. Note the locking ring and lock bolt di- 
rectly under the attach point on the accessory drive 
housing. You will normally find іс best to loosen the 
lock bolt until it begins to snug up, and then tap 
the bolt head until the bolt becomes loose. Keep doing 
this until che fuel control lock ring is free of the 
accessory drive housing flange. ЈЕ the fuel control 
unit is to be left off for any time longer than a few 
minutes, be sure to cap all of the disconnected lines. 


"The installation. procedure for the fue! contro! unit 
is essentially the reverse of the removal procedure; 
however, you should always coat all of che seals and 
gaskets with engine lubricating oil prior to installing 
che unit. 


Other fuel system malfunctions which you might en- 
counter will possibly occur in the emergency fuel sys- 
tem. The fuel control unit, as you will recall, also 
has a complete emergency metering system. ЇГ there 
is no emergency fuel flow at IDLE, replace the fuel 
control unit. Although there is no specifiially rec- 
ommended procedure for checking the emergency 
fue! flow, some helpful suggestions for determining 
whether the emergency fuel system is functioning 
properly are as follows: (1) carefully watch the tacho- 
meter for rpm change as you actuate the emergency 
switch, (2) watch che tailpipe temperature indicator 
for any change іп temperature, and (3) watch how 
soon the red light that indicates emergency fuel comes 
on after you actuate the switch. In those cases where 
the engine will пог change over to the emergency 
fuel system or the fuel contro! system selects the emer- 
gency system with the control switch in che NORM 
position, you will probably find the difficulty in the 
electrical circuit to the emergency system actuator. 
By performing a continuity check on che circuit from 
the 28-vole d-c bus to the actuator, you will be able 
to determine whether che malfunction is in the actu- 
ator itself. The most logical sources of difficulries of 
this type are the fuel control relay on the forward 
side of the right main wheel well or the emergency 
system actuator on the fuel contro! unir. When а mal- 
function is traced to either of these units, the defec- 
tive unit must be replaced with a serviceable item. 


FILTERS IN THE ENGINE MAIN FUEL SYSTEM. 
In the discussion of the engine main fuel system, it 
was mentioned that several of the components in- 
corporated filters to assure clean fuel to the burner 
chambers. As you will recall, each of these filters is 
spring-loaded to bypass fuel in the evenr the filter 
becomes clogged. The filters іп the system аге of the 
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Figure 2-8. Fuel Filter in the Engine Fuel System——Schematic 


200-mesh variety; that is, they are designed to re- 
strict the passage of those particles which are larger 
than normally found in fuel As you may already 
know, military specifications allow for some contam- 
inants in jet fuels. The components in the engine 
fuel system are designed to function properly while 
handling fuels which do have contaminants in them; 
however, the components will not function properly 
if the size of the contaminants exceeds the size of the 
openings in the filters. 


Cleaning the filters will be a part of the normal en- 
gine inspection activities. There are four filters in the 
engine main fuel system. Аз you will note in figure 
2-8, they are located in the fuel control, fuel pump, 
and the pressurizing and dump valve. Although the 
filters do not all look alike, they perform the same 
function; and they are removed, cleaned, and replaced 
in the same manner. ‘Note that each filter is held in 
place by a retaining plug. 


То remove the filter, cut the safety wire and then 
unscrew the plug. All of the plugs have conventional 
right-hand threads. ІҒ che filters are not damaged іп 
any manner, they can be cleaned by using either ЈР-4 
fuel (MIL-F-5624), or naphtha, and then blowing the 
filter dry with clean, dry air. Installation of the filters 
for the engine fuel system is essentially the reverse of 


removal. Small holes in the heads of the plugs allow 
them to be safetied after they have been installed and 
tightened. You should always assure that the filter 
retaining plugs are tightened and safetied to elimi- 


nate the danger of fuel leaks and subsequent fire 


hazards. 


THE AFTERBURNER FUEL SYSTEM. 


The design of gas turbine engines limits the accelera- 
tion of jet aircraft during ground run, takeoff, and 
climb. This is due to the gas turbine engine's nearly 
constant thrust at all airspeeds at a given altitude and 
engine speed. In a turbojet engine, for example, the 
takeoff thrust may not be more than 15 or 2096 above 
the normal rated thrust. This inherent design de- 
ficiency led to the development of thrust augmenta- 
tion; thrust augmentation is merely a means of in- 
creasing the engine thrust to provide more power 
for takeoffs, climbs, or any other time when a rapid 
rate of acceleration is needed. 


Тһе J57 engine utilizes an afterburner as its means of 
thrust augmentation. Аз you learn about the after- 
burner fuel system in this section, you will see that 
the afterburner can be described as a ram-jet engine 
that is attached to the turbine section of the regular 
engine. The afterburner fuel system and the system 
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Figure 2-9. J57 Engine Afterburner Fuel System—Schematic (Sheet І of 2) 
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Figure 2-9. 157 Engine Afterburner Fuel System—Schematic (Sheet 2 of 2} 
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Components are covered in the following paragraphs. 
By referring to the schematic of the system in figure 
2-9, while reading the text, you will acquire a more 
comprehensive understanding of the afterburner fuel 
system. 


Operation of the Afterburner Fuel System. 


Ав mentioned earlier, in this section, the afterburner 
fuel system consists of the fuel pump/transfer valve, 
an afterburner fuel regulator, afterburner igniter valve, 
exhaust nozzle control valve, a manual shutoff valve, 
and the fuel spray bars and manifolds. 


Afterburner fuel scheduling utilizes one gear stage of 
the engine-driven fuel pump. The pump outfit is 
either routed back to the gear stage input or flows to 
the afterburner fuel control. Note in the schematic 
that afterburner fuel scheduling depends on the 
position of the fuel regulating transfer valve and/or 
the motor operated fuel shuttle valve. During after- 
burning, fuel flows to the afterburner fuel control 
which then schedules fuel to the А/В spray bars 
according to the engine burner pressure. Fuel in excess 
of that required by the A/B system returns to the 
pump/transfer valve through the control pressure 
regulator return line. 


The output of the afterburner fuel regulator flows to 
the 24 afterburner spray bars. А separate line from the 
afterburner igniter valve also connects into the spray- 
bar supply line to supply fuel for "hot streak" igni- 
tion and to "trigger" the igniter valve. Fuel from the 
igniter valve is routed to the No. 3 burner can and the 
resulting momentary enrichment causes the flame to 
extend through the turbine wheel and back со the 
A/B spray bars. This flame ignites the fuel at the 
afterburner spray bars. 


А small pressure sensing line connects the unmetered 
fuel side of the A/B fuel regulator to the anti-spring 
side of the exhaust nozzle control valve (this sensing 
line is shown in red). When A/B is selected, fuel pres- 
sure actuates the exhaust nozzle control valve which 
then directs sixteenth-stage compressor air to the open 
side of the nozzle actuating cylinders. When after- 
burner operation is stopped, the sensing line pressure 
is reduced and spring tension in the exhaust nozzle 
control valve repositions the shuttle valve. Then six- 
teenth-stage air pressure is ported to the nozzle close 
side of the actuating cylinders. 


Normally, afterburner operation is initiated and ter- 
minated electrically. However, a mechanically-operated 
valve—attached to the power lever linkage—stops 
afterburner operation whenever the power lever set- 
ting is reduced below 8095. This provides a positive 
means of stopping afterburning in the event of an 
electrical failure in the afterburner circuit. 
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AFTERBURNER FUEL REGULATOR. The A/B fuel 
regulator, shown in figure 2-10, is located on the right 
side of the engine іп the “wasp waist" section. Its pur- 
pose is to schedule fuel to the A/B spraybar manifold. 
This А/В fuel regulator control unit incorporates: а 
variable area-metering valve; a pressure regulator; an 
automatic shutoff valve; a burner can pressure sensing 
bellows; a pair of filters; and a drain valve. 


Figure 2-9 shows the fuel flow through the regulator. 
Note that fuel entering the A/B fuel regulator control 
unit is routed to the metering valve—the excessive 
fuel is bypassed through the pressure regulator апа 
routed back to the transfer valve. The metering valve 
orifice area varies in relation to the engine burner 
pressure. The bypass valve (pressure regulator) main- 
tains a constant pressure drop across the metering valve 
by using spring and metered fuel pressure to resist 
unmetered fuel pressure. This arrangement і5 similar 
to the bypass valve in the engine fuel control unit. А 
check valve, having spring and bypass pressure resist- 
ing metered fuel, is located downstream from the 
metering valve. This valve serves a dual purpose: it 
keeps the А/В fuel regulator full; and prevents burner 
gases from entering the fuel regulator when the А/В 
is shut down. The burner can pressure-sensing bellows 
assembly in the A/B fuel control unit consists of a 
spring-loaded evacuated bellows linked to the meter- 
ing poppet valve. Accordingly, burner pressure varia- 
tion is reflected in the metering valve, and the meter- 
ing valve then varies the A/B fuel with respect to 
engine operation. 


Other components incorporated in the A/B fuel regu- 
lator are two filters and a manifold drain. The two filters 
provide filtered fuel to the sliding surfaces of the pres- 
sure regulator and shutoff valves. This filtered fuel pro- 
vides a "washing action" which insures free movement. 
Тһе А/В manifold drain valve is located іп the regu- 
lator fuel outlet fitting and is slightly spring-loaded 
to the open position. During A/B operation, fuel pres- 
sure closes the valve; but when the A/B is shut down, 
the valve opens and drains the А/В fuel manifold. 
Normal engine operating pressures will also close the 
valve to prevent escape of hot gases. 


AFTERBURNER FUEL IGNITER VALVE. As men- 
tioned earlier, the ignition of A/B fuel is accomplished 
by the "hot streak" ignition method. The igniter valve 
is located high on the right side of the wasp waist sec- 
tion, as shown in figure 2-11. When A/B is initiated, 
the igniter valve directs a small charge of fuel into the 
No. 3 burner сап. This enrichment results in a flame 
pattern that extends into the A/B area and ignites the 
fuel that is being discharged from the A/B spray bars. 
As shown in the schematic of figure 2-9, the igniter 
unit is made up of: an air pilot valve, a fuel pilot valve, 
and a spring-loaded air piston working in conjunction 
with a fuel piston. 
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Figure 2-10. Afterburner Fuel Regulator 


А line leading to the А/В igniter valve is connected 
into the A/B fuel manifold line downstream from 
the А/В fuel regulator. Fuel from this source passes 
through a filter and enters the igniter. During this 
charging action, fuel fills the fuel chamber, and at the 
same time, fuel is bleeding through a restricted passage 
into the fuel pilot valve. When the pressure becomes 
great enough, the fuel pilot valve moves the air pilot 
valve against burner pressure. When the fuel pilot valve 
moves, it shuts off the supply of incoming fuel and 
opens the fuel chamber outlet. The same movement 
causes the air pilot to open the burner pressure passage 
to the air piston. Burner pressure acting on the air 
piston compresses the air різгоп spring and forces the 
fuel behind the fuel piston into No. 3 burner can. The 
total afterburner ignition action takes approximately 
one-half second to complete and is a non-repeating ac- 
tion. Each component remains in the discharged posi- 
rion until the A/B operation is stopped. When A/B 
is discontinued, the fuel pressure—which was resisting 
engine burner pressure—drops off, and the burner 
pressure then moves the air pilot valve and fuel pilot 
valve back to the charge postion. This action shuts off 
burner pressure to the air piston, and the piston spring 
pressure returns the air piston back to its charged posi- 
tion. А check valve is installed in the afterburner ig- 
niter discharge line co prevent any hot gases from Мо. 
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3 burner can from entering the igniter valve during 
engine operation. 


EXHAUST NOZZLE CONTROL VALVE. The A/B 
exhaust nozzle control valve, located just below and 
aft of the A/B fuel regulator, is shown in figure 2-12. 
Its function is to divert sixteenth-stage air pressure to 
either the OPEN or CLOSE side of the nozzle actuating 
cylinders. The afterburner nozzle is opened for after- 
burner operation and closed during non-afterburning 
operations. One of the key devices in the A/B nozzle 
actuating system is the air relay valve inside the ex- 
haust nozzle control. А fuel pressure-sensing line con- 
nects the А/В fuel outlet passage in the pump/trans- 
fer valve to the anti-spring side of the air relay valve 
in the exhaust nozzle control valve. This pressure-sens- 
ing line is shown in red on the schematic of figure 
2-9. On later airplanes, the sensing line source is from 
the A/B fuel regulator. This later configuration is not 
shown in figure 2-9. The air relay valve is positioned 
either by A/B fuel pressure or by spring pressure. Dur- 
ing А/В operation the А/В fuel pressure moves che air 
relay valve against the spring pressure, and sixteenth- 
stage air pressure is then ported to the nozzle actuating 
piston open side of the nozzle actuating cylinders. Two 
spring-loaded flapper-type vent valves exhaust the dis- 
charge air from the relay valve. Normal fuel leakage 
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Figure 2-11. Afterburner Fuel Igniter Valve 
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Figure 2-12. Exhaust Nozzle Control Valve 


is drained overboard. The later engines are equipped 
with a differential-type exhaust nozzle control valve—— 
the fuel section is separate from the air section. Refer 
to the maintenance technical order for information on 
these later-type control valves. 


AFTERBURNER MECHANICAL SHUTOFF VALVE. 
Normally the A/B operation is stopped when the power 
lever in the cockpit is taken out of the A/B detent. This 
action energizes the A/B motor actuator which in turn 
closes the A/B fuel shuttle valve. 


А fuel line that incorporates a mechanically-operated 
shutoff valve is installed їп the А/В. fuel system. This 
line (shown in yellow) at the left of the schematic, 
connects the spring side of the pressure regulator in the 
A/B fuel regulator to the fuel pump inlet. The shut- 
off valve is opened and closed mechanically by power 
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lever movement. When the power lever is positioned 
for engine power outputs of 8095 or more, the shutoff 
valve is closed and the A/B system functions normally. 
However, when the power lever setting is below 80%, 
the mechanical interconnect between the shutoff valve 
and the power lever linkage opens the shutoff valve and 
A/B operation is then stopped. When the mechan- 
ically-operated shutoff valve is opened, the metered fuel 
that normally assists the pressure regulator spring to 
resist unmetered fuel pressure is routed back to the 
fuel pump inlet. This reduces the total pressure on the 
spring side of the pressure regulator and routes the 
fuel back to the pump/transfer valve. This stops A/B 
operation. 


Maintenance on the Afterburner Fuel System. 


Performing the necessary maintenance and trouble 
shooting on the afterburner fuel system will be quite 
similar to what you must do on the engine main fuel 
system. With the exception of the system filters, no 
regular maintenance is required. Trouble shooting will 
consist of determining why the exhaust nozzles fail 
to open or close or why afterburning does not occur. 


Malfunctions in the afterburner nozzle system should 
be traced from the nozzle actuator control unit back 
to the nozzle actuators. If replacing the actuator con- 
trol unit does not remedy the situation, the difficulty 
will lie in the associate air lines, in the relay valve, 
or in the nozzle actuators and their linkage. If the 
trouble is in the actuators and their linkage, you will 
find іс best to lubricate all of the components using 
a commercially available graphite in a volatile liquid. 
This type of lubrication will reduce the drag and 
allow the actuators to move more freely. In case the 
air lines or the air relay valve are at fault, you will 
have to replace the components with serviceable items. 


Cleaning or replacing the filters in the afterburner fuel 
system is just about the same as for the engine fuel 
system. Note in figure 2-13 that there are five filters 
in the afterburner fuel system, With the exception of 
the filter in the fuel contro! sensing line, all of the 
filter cavities must be cleaned with naphtha after the 
filters have been removed—P-S-661 is quite satisfactory 
for this purpose. The filters for the igniter control, 
the nozzle actuator control, and the afterburner fuel 
control units are not reusable—new filters must be 
installed. 


THE J57 ENGINE OIL SYSTEM. 


The )57 engine oil system is a dry-sump, self-con- 
tained, high-pressure system which supplies lubrica- 
tion to the engine main bearings and accessory drives. 
This system is designed to use a synthetic lubricating 
oil — Specification MIL-L-7808. 


Figure 2-14 shows the engine oil system in schematic 
form. Note how the oil from the oil tank is supplied 
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Figure 2-13. Fuel Filters in the Afterburner Fuel System 


to the engine oil pressure pump by gravity. The oil 
forced from the pump is routed through the engine 
main pressure oil filter. This oil filter is equipped with 
a bypass valve which permits the oil to bypass in the 
event of filter clogging. From the filter, the oil is 


routed to the combination oil pressure regulator and 7 


relief valve. This component regulates the oil pres- 
sure at about 45 psi, which is the proper pressure dif- 
ferential for the oil metering jets at the engine bear- 
ings. From rhe regulator-relief valve the oil is routed 
to the bearings by means of external tubing and in- 
ternal oil passages. 


The oil from the bearings is picked up from the 
engine oil sumps by six scavenge pumps. Following 
the oil flow in the schematic, figure 2-14, note that the 
scavenge pumps force the oil through the air/oil 
cooler, chen through the fuel/oi! cooler. If the tem- 
perature of the scavenged oil is below 160°F, a ther- 
mostatic valve mounted on the fuel/oil cooler opens 
and routes the oil around the fuel/oil cooler and back 
to the engine oil tank. 1f the temperature of the oil 
is above 160°F, however, the thermostatic valve be- 
gins to close. Ас 186?F the valve is in the fully-closed 
position and all scavenged oil is routed through the 
fuel/oil cooler. 


Іп the top of the oil tank, che returning oil passes 
through а de-aerator which removes the trapped air 


from the engine oil. This air is removed from the 
tank by means of the oil breather system. The engine 
oil system also provides lubrication for the engine- 
mounted Sunstrand constant-speed drive unit. This 
drive unic uses its own pressure pump, but the oil 
is taken from the engine oil tank and returned to 
the oil rank through a separate filter. 


The oil tank is contoured to the engine diameter, 
has a 5.5 US gallon capacity, and is mounted on 
the upper left “wasp waist" area. The tank has а 
conventional filler cap for servicing and a cable-type 
dip stick for measuring oil quantity. Although the 
tank holds 5.5 gallons, only about 3 gallons are usa- 
ble. One gallon is for reserve and about 1.5 gallons 
are contained within the flow lines in the oil system. 
Тһе tank also has a 1.6-раПоп area to allow for 
expansion during high engine temperatures. 


HOW THE ENGINE OIL BREATHER 
SYSTEM IS PRESSURIZED. 


Тһе oil breather pressurization system 18 provided 
to insure proper oil flow away from the engine main 
bearings when the engine is operating at high alti- 
tudes. Note in the schematic of the engine oil pres- 
sure system, figure 2-14, that breather pressure ís 
shown in dark color. This pressurizing air is supplied 
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Figure 2-14. The J57 Engine Oil System Schematic 
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by engine compressor leakage, the compressor air 
leaks past the compressor seal into the inner case of 
the engine. Internal passages and tubing on top of 
the engine connect all of the bearing compartments, 
the oil tank, and the annular passage around the com- 
pressor into the breather system. This assures that all 
of the oil system will be supplied wich the same 
breather pressure. 


'The rotary breather, shown in schematic adjacent to 
the oil pressure pump, removes oil from the pressuriz- 
ing air by means of centrifugal action. As the pres- 
surizing air passes over the impeller of the rotary 
breather, the oil is thrown out radially and the rela- 
tively oil-free air passes on to che hub of the breather. 
As the air reaches the hub, іс is routed to the breather 
pressurizing valve which determines how much pres- 
sure will be maintained in the breather system. You 
should understand that the engine compressor air is 
leaking into che engine case at all times. The breather 
pressurization valve vents this compressor air to the 
atmosphere. Ac sea level operation the pressurization 
valve is open; however, with increasing altitude che 
valve gradually closes and regulates the escape of the 
engine compressor air so that the breather pressure 
is similar to that ac sea level. 


HOW THE OIL SCAVENGING SYSTEM OPERATES. 


Six gear-type scavenge pumps are used ro scavenge the 
main bearing compartments and the accessory drives. 
The pumps then force the oil to the oil coolers before 
it is returned to the tank. One scavenge pump is lo- 
cated in the lower part of the front accessory section; 
two are located in the right side of the main accessory 
section; two are located in the lower part of the No. 
4 bearing area (rear compressor-rear bearing); and 
the sixth scavenge pump is located in the Мо. 6 bear- 
ing area (turbine rear bearing). Referring again to 
the schematic of the engine oil system, figure 2-14, 
you will note that all of these pumps discharge into 
one outlet line that runs to the air/oil cooler. 


THE OIL LOW-PRESSURE WARNING SYSTEM. 


The oil low-pressure warning syscem notifies che pilot 
whenever the oil pressure drops below a safe орегаг- 
ing level. The warning system consists of a pressure 
switch, warning lights, and the associate electrical 
wiring. The pressure switch is mounted on the left 
side of the engine just aft of che oil tank. This switch 
is set to actuate, or close, whenever the oil pressure 
drops to 36 psi or below; if the fuel pressure rises to 
about 40 psi or more, the switch will deactivate. or 
open. The pressure switch measures the discharge 
pressure of the oil pump. The inside of the pressure 
switch is vented to the accessory drive housing. By 
comparing the ой pump discharge pressure wich the 
oil system breather pressure, the pressure switch senses 
differential pressure regardless of altitude. 


POWER PLANT 


The warning light for this system is located оп the 
pilot’s right hand auxiliary instrument panel. The 
warning light and the electrical circuit for the oil 
low-pressure warning system will be discussed in 
detail їп Chapter IV of this supplement. 


SUNDSTRAND CONSTANT-SPEED 
DRIVE OIL SYSTEM. 


All oil used for operation and lubrication of the 
Sundstrand constant-speed drive unit is supplied by 
the engine oil system. Аз you will recall from the 
discussion in Chapter I, che complete drive consists of 
an engine-mounted gear box and an airframe-mounted 
transmission and gear box assembly. The engine- 
mounted gear box receives its oil supply from a line 
connected into rhe engine oil pressure switch line. 
The fuselage-mounted gear box/transmission incor- 
porates a pressure pump and receives its oil direccly 
from the engine oil tank. Scavenging oil lines from 
both units come togther and return to the engine oil 
tank through a filter. There are breather lines which 
connect the constant-speed drive gear box/transmis- 
sion with the engine breather system. By following 
the oil flow, as shown in figure 2-15, you will better 
understand the following description of the system. 
Oil from the engine oil tank flows to che two charge 
pumps. This flow is shown by the red diagonals. The 
smaller of the two pumps is directly driven by the 
airframe-mounted transmission and gear box assembly 
input, pumping oil at a rate varying with this input 
to about 2.75 gallons per minute. Oil from these 
Charge pumps moves to the transmission cylinders by 
way of a filter which has a bypass valve that opens 
at a pressure differential of approximately 50 psi, 
should the filter become clogged. The oil moves into 
the cylinder block by way of a drilled passage in the 
manifold and eccentric shaft (6). Inside the transmis- 
sion itself, oil is pumped from the pump cylinders 
(1) to the motor cylinders (2) (or from motor to 
pump depending upon the phase of transmission op- 
eration). The oil then moves out of the cylinder block 
by way of the manifold (6). This oil is maintained аг 
a pressure of approximately 250 to 350 psi by the 
charge relief valve whi ports surplus oil го the lubri- 
cation lines. Another valve—the lubrication relief 
valve—maintains this surplus oil pressure at approxi- 
mately 15 to 30 psi. The excess oil from the lubrica- 
tion relief valve is ported to the transmission. 


Appropriately-located jets direct this oil pressure on 
moving parts. Leakage or blow-by oil from the pistons 
also drains into the sump, where it is scavenged by 
another gear-type pump which returns the oil to the 
aircraft engine oil system. 


The oil system for the engine-mounted gear box is 
quite simple in respect to that of the other compon- 
ent of the Sundstrand constant-speed drive. As shown 
in the upper righe portion of figure 2-15, the oil for 
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Figure 2-15. Constant-Speed Drive Unit Oil System 
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pressure lubrication of the engine-mounted unit is 
obtained from the engine lubrication system. The oil 
then passes out the outlet line where it joins the 
return oil from the transmission and gear box as- 
sembly oil to flow back to the engine oil system. 


THE ENGINE STARTING AND 
IGNITION SYSTEM. 


The engine starting and ignition systems are closely 
related to each other. Each system is dependent upon 
the other for completion of electrical circuits and for 
operation of the system. For this reason, the two sys- 
tems wil] be described together in this section. 


THE ENGINE STARTER. 


The J57 engine uses a pneumatic starter. This starter, 
which weighs about 35 pounds, is mounted on the 
forward face of the engine IN; accessory section. The 
starter is similar to an axial flow turbine and is actu- 
ated by compressed air from a gas turbine compressor 
(GTC). The flexible hose from the GTC unit is con- 
nected to the starter at the quick-disconnect unit in 
the right wheel well. The air from che GTC unit does 
not enter the starter until the pilot positions the 
power lever in the START position. Movement of 
the power lever actuates a microswitch in the quad- 
rant, and the microswitch completes the circuit to the 
starter air regulator valve. Аз this starter valve opens, 
the air from the GTC unit strikes the turbine blades 
and exhausts through the starter air exit duct. The 
force of the air against the turbine blades causes the 
starter turbine wheel to turn, and the turbine, by 
means of a gear reduction train and output shaft, 
drives che engine. When engine starting speed is at- 
tained, the engine-mounted starter gear reduction train 
is disengaged from the engine by means of an in- 
tegral clutch. А centrifugal action switch in the згагсег 
causes the air regulator valve to close when engine 
speed reaches 3400 to 3700 rpm. This action shuts 
off the air supply го the starter. 


'The lubrication of the engine starter is self-contained 
—the lubricating capacity is 12 fluid ounces. Normally, 
the fluid level should not have to be checked except 
when there is indication of oil leakage; however, the 
system has to be drained and refilled at intervals of 
25-hours engine operating time. 


ENGINE IGNITION. 


Аз mentioned earlier, the ignition and starter circuits 
are dependent upon each other for successful engine 
ignition and starting. This can be seen more clearly 
by referring to the schematic of the engine starting 
and ignition system, (see figure 2-16). Let us trace 
the sequence of actions and current flow through the 
schematic for a normal engine start. 


First, locate each of the eleven components in the 
schematic. The starting action is controlled through 


POWER PLANT 


the power lever movement and the ignition button. 
The starter switch (5) (microswitch) is shown in the 
de-activated postion such as would be the case when 
the power lever is in the OFF position. As you will 
recall, the first step in starting the engine is to move 
the power lever outboard to the START position— 
this closes the starter switch. Current then flows from 
the 28-volt d-c essential bus, numbered 4 in the illus- 
tration, to the ignition switch and also to the engine 
starter, number 7. As current reaches the engine starter, 
the starter air regulator valve opens and compressed 
air from the ground GTC drives the starter. 


As the engine speed reaches 12 to 1696, the operator 
depresses the ignition -button. This action closes the 
ignition switch and energizes the starter relay. As 
already mentioned, depressing the ignition button 
does not cause ignition—it just arms the starter relay. 
This type of arrangement allows the operator to move 
the power lever forward without stopping the starter. 
When the power lever is moved forward cowards the 
IDLE position, the starter switch is deactuated and 
fuel starts metering into the engine combustion cham- 
bers. Nore in figure 2-16 that as the starter switch is 
deactuated, current is fed to che ignition power relay, 
numbered 1. With the engine turning at 12 го 16%, 
and with fuel being metered to the chambers, the 
engine starting operation is ready for ignition. As the 
ignition power relay is energized, current is fed 
through the engine junction box (11) го the ignition 
transformer (8). There are two of these transformers, 
however, only the No. 2 transformer is shown in the 
schematic. The other transformer, Мо, 1, is exactly 
like the one shown except that it supplies ignition to 
the No. 5 combustion chamber instead of the No. 4 
chamber. 


When the current first enters the ignition transformer. 
it passes through several input filters (choke coils and 
capacitors). Then it is led co a 6000 rpm motor. Note 
that the same current that operates the motor is tapped 
off to a cam-type switch. The cam, geared to the 
motor, turns at about 1200 rpm. This cam has the 
effect of “chopping up" the direct current input and 
turning it into pulsating d-c. This pulsating d-c then 
flows to che step-up transformer where the 24 volts 
are stepped-up to about 2000 volts. You will note 
that this high voltage then flows through the selenium 
rectifier which converts the pulsating current back to 
d-c. This rectification is necessary so that the ignition 
capacitor can be charged. In the figure 2-16 this ig- 
nition capacitor is shown directly below the second 
motor-driven cam. At the same. time the ignition ca- 
pacitor is being charged, the second cam is turning 
at 240 rpm. Each time this cam closes its ignition 
point, a pulse of direct current will flow through 
the "triggering" transformer to rhe ignition capac- 
itor. This pulse of direct current is sufficient to spark 
across the igniter plug gap. As it sparks across the 
gap, it provides a "path" for che charge in the ignition 
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Figure 2-16. Engine Starter and Ignition Electrical System Schematic 
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capacitor. With an open “pach” of small resistance, 
the charge on the capacitor flashes through the "trig- 
Bering" transformer and across the igniter plug gap. 


Summarizing the engine ignition circuit, you should 
retain several important facts. The power lever move- 
ment and the ignition button provide the only pilot 
control for the engine ignition system. By means of 
two relays—the starter relay and ignition power re- 
lay—and the two ignition transformers, this ignition 
system provides "hot" spark ignition for the No. 4 
and 5 combustion chambers. You should also keep 
in mind that there is no timing device in the ignition 
circuit. Because of this fact, you should never keep 
the ignition button depressed longer than 30 seconds 
after the power lever has been advanced го IDLE. This 
30-second time limit is necessary to prevent over-heat- 
ing of the ignition transformers. 


This electrical system, like the rest of rhe engine 
electrical systems, is covered completely in che F-102A 
maintenance technical order for the airplane electrical 
systems, Т.О. 1Е-102А-2-10. 


HOW THE ENGINE IS STARTED AND OPERATED. 


During the engine starring procedure, care must be 
exercised to correctly operate the starter, ignition, and 
power lever controls to successfully complete the en- 
gine start. Actuation of the engine starter is initiated 
by the outboard movement of the power lever to the 
START position. The power lever is spring-loaded 
to the OFF position and must be held over in the 
START position. The power lever movement oper- 
ates а microswitch in the quadrant which opens the 
starter air valve. Opening the air valve permits com- 
pressed air from the gas turbine compressor to actu- 
ate the starter. The power lever is held in the START 
position until the starter is turning the engine from 
12 to 16% rpm. Depressing and holding the ignition 
button energizes the starter holding relay. Ignition 
does not occur at this time, but it will permit the 
starter to continue cranking the engine while you 
move the power lever—wich the ignition button still 
depressed—forward from the START position. This 
movement of the lever initiates ignition through the 
actuation of the microswitch in the quadrant. Opera- 
tion of the engine starter will continue as long as 
the ignition button is depressed, or until the starter 
centrifugal switches actuate due to starter overspeed. 
Moving the power lever forward towards the IDLE 
position actuates the main fuel control. This permits 
fuel to be injected into the engine burner section. 
Ignition is supplied to the igniter plugs in the No. 
4 and 5 burner cans. As the fuel is ignited, the en- 
gine rpm increases. The ignition button should be heid 
down until the tachometer and temperature gage indi- 
cate a positive start, then the button should be re- 
leased. If you should momentarily release the ignition 
button when the power lever is between OFF and 
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IDLE and the engine does not start, return the power 
lever to the OFF position. This action will prevent 
additional fuel from being injected into the engine 
burner section. You must then repeat the complete 
starting cycle from the beginning. After rerurning che 
power lever to the OFF position, do not attempt an- 
other start until fuel drainage from the engine com- 
bustion chambers drain has stopped. Never operate 
the starter more chan 90 seconds during any two 
minute period. After a normal engine start has been 
completed, the following procedure is recommended 
for checking the engine operation: set the pressure 
ratio indicator for che correct ambient air сетрега- 
ture, and then advance the power lever to the MIL 
POWER postion and allow all instrument readings 
to stabilize. 


Do not operate che engine at MIL POWER 
any longer than five minutes. 


While the power lever is in the MIL POWER range, 
check the tailpipe temperature for a maximum of 
6109C. The indicator needle on the pressure ratio 
gage should fall within the maximum power range 
marked on the gage. None of the engine warning 
lights should be burning. Then move the power lever 
to AFTERBURNER. 


Do not operate the afterburner longer than 
one minute. 


А rapid increase in tailpipe temperature and an rpm 
reduction of about 4% usually mean that the exhaust 
nozzle has failed to open. When this occurs, terminate 
the afterburning operation immediately. Then, open- 
ing the afterburner power circuit breaker, move the 
power lever to FULL MIL POWER and then retard 
it—withouc hesitation—to some point below 80% 
power. Afterburning should cease at this 80% power. 
Тһеге should be no indication of engine roughness as 
the power lever is being retarded before afterburning 
is terminated. Return the power lever со IDLE, and 
allow an afterburner drainage period of two minutes. 


When che preceding operations have been accom- 
plished, actuate the emergency fuel control switch 
from NORMAL to EMERGENCY. The emergency 
fuel warning light should illuminate; then advance 
the power lever to MIL POWER. Fuel flow should 
be 6350 to 6950 pounds per hour at sea level. Re- 
turning the power lever to IDLE, note that normal 
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engine operation continues throughout power lever 
range. Then, actuate the emergency fuel switch to 
NORMAL—the warning light should go out. 


HOW TO STOP THE ENGINE. 


Prior to stopping the engine, you should allow it 
to idle for approximately 5 minutes, In an emer- 
gency, however, the engine тау be shut down im- 
mediately. Have a ground crew assistant connect a 
ground compressor, which 15 operating at maximum 
output, to the airplane ground receptacle. Connect 
a-c and d-c power to the airplane ground recep- 
tacles. Turn all fuel boost pump switches OFF, and 
retard the power lever to the OFF position. In the 
event that exhaust temperature rises above 2259С 
after engine shut down, actuate the power lever 
to the START position and crank the engine for 
about 20 seconds. Then, return the power lever to 
the OFF position. 


ENGINE AIR INDUCTION AND COOLING. 


Although the cooling system for the gas turbine 
engine is not as complex as that required for pis- 
ton-type engines, considerably more effort must be 
spent іп protecting the surrounding aircraft struc- 
ture from che heat. This is usually accomplished by 
a shroud installed around the outside of the engine 
with cooling air directed between the shroud and 
the outside of the engine. Some engines require 
cooling for accessory drives, turbine wheels, bear- 
ing housings, and fuel pumps. Other engine in- 
stallations require a method of cooling the oil. Gas 
turbine engines usually use any of three cooling 
mediums: air, oil, or fuel. Air is by far the most 
commonly used method of the three. 


Air cooling must be accomplished by creating high 
air flow and pressure with a minimum loss from drag, 
turbulence, and other detrimental factors. There are 
four methods by which air cooling can be accom- 
plished: induced air, ram air, auxiliary air (fan), and 
engine compressor bleed. The induced air method is 
the most commonly used, while the compressor bleed 
system is rarely used. The turbine wheels, bearing 
housing, oil coolers, and tailpipe usually use one of the 
above cooling methods. The tailpipe shroud is some- 
times kept cool by an insulating blanket installed be- 
tween the engine and the shroud. The burner cans 
are usually kept cool by internal air flow which is 
actually a part of the combustion system. Fuel pumps 
are almost always cooled by the fuel being pumped 
through them. Fuel as a cooling agent has been used 
in fuel/oil heat exchangers, but not to any great ех- 
tent. Oil is used for cooling such components as ac- 
cessory drives, bearings, and reduction gears—the oil 
itself being cooled by an oil cooler similar to that 
used on reciprocating engine installations. The cool- 
ing system, as a rule, requires no pilot attention or 
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operation. The oil pressure gage in the cockpic is the 
only connection between the pilot and the cooling 
system. The oil pressure gage could indicate any seri- 
ous over-temperature condition іп a part being cooled 
or lubricated by oil. 


Some of the earlier gas turbine engine main rotor 
bearing temperatures were very critical. As a result, 
bearing temperature gages were required. Since that 
time, engineering developments have solved the bear- 
ing problem. In all probability, bearing temperature 
gages will not be encountered in late model and 
future gas turbine engines. 


IN-FLIGHT COOLING OF THE 
ENGINE COMPARTMENT. 


In the Е-102А, the engine compartment cooling air- 
flow pattern varies between engine ground operation 
and flight operation conditions, Air flow during flight 
is based on a positive pressure condition existing in 
the engine intake ducts; while engine cooling during 
ground operation is dependent upon air bled from 
the М; rotor and reverse air flow through the air/oil 
cooler and generator cooling ducts. 


Note in figure 2-17 that there are three sources of air 
and that each source is located in the engine intake 
duct. One source is bled from a scroll, numbered 2, 
located on the forward end of the engine stub duct. 
Part of the air taken from this scroll із passed through 
the air/oil cooler (13) and the remainder is ducted 
aft under the shroud (10) that surrounds the engine 
hot section. That part of the air which passes chrough 
the air/oil cooler is exhausted into the accessory sec- 
Чоп and flows aft between the shroud and the fuse- 
lage. The cooling air, which is ducted aft, flows up- 
stream from the air/oil cooler and runs aft along the 
left side of the engine to the forward section of the 
engine shroud. Cooling air entering the shroud is 
diffused circumferencially by the distribution section 
and flows aft between the shroud and the engine ex- 
haust nozzle. 


GROUND COOLING OF THE 
ENGINE COMPARTMENT. 


First of all, in-flight cooling below 150 knots IAS with 
the landing gear extended and ground cooling are the 
Same thing; in other words, the air flow about the 
engine is identical in both cases. This type of cooling 
will be referred со as ground cooling in the text. 


Cooling during ground operation varies substantially 
from that described in the preceding paragraphs. 157 
engines installed in the F-102A airplanes incorporate 
a top center-line bleed which furnishes ninth stage 
Ni air to cool the hot section of the engine. Ап elec- 
trically operated shutoff valve, a check valve, and two 
series-mounted flapper valves permit rescheduling of 
air flow for ground cooling and cooling at airspeeds 
below 150 knots with the gear extended. 
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Figure 2-18. Engine Cooling Electrical Schematic 


Notice in figure 2-18 that the electrical circuit for the 
shutoff valve is wired in series with the left landing 
gear door—thereby opening the valve when the gear 
is retracted. This is understandable, since higher air- 
speeds are associated with a clean airplane (gear up 
and locked); at these high airspeeds no help in cool- 
ing is needed from the top center N, compressor bleed 
system. The check valve (11) located in the cooling 
duct and connecting the stub duct scroll to the shroud, 
prevents N, compressor air from flowing forward into 
the scroll. 


During ground run a partial vacuum exists in che en- 
gine air inrake ducts, thís vacuum causes a flow re- 
versal in «Фе cooling ducts. Cooling for the engine 
oil and the generators is also provided by this reverse 
flow during ground operation. The reverse air flow 
through the air/oil cooler is easily accomplished with- 
out check or flapper valves; however, the generator 
cooling operation is more complex. Generator cool- 
ing, both in the air and on the ground, is covered in 
the next section of this chapter. 


When an airplane is on the ground and the engine is 
running, the cooling air bleed shutoff valve (9) is 
open. Моге in figure 2-19 that this allows ninth-stage 
air pressure to flow down the duct on the left side of 
the engine and force che check valve (11) to open. 
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This compressor air then flows under the shroud 
surrounding the engine. The air is exhausted around 
the exhaust nozzle between the engine and the shroud. 


As mentioned, air flow reversal also takes place when 
the airplane is on the ground. This air flow reversal is 
caused by the low pressure condition in the intake 
ducts. Air is actually drawn in the aft end of the 
airplane between the engine shroud and the aircraft 
structure, This air is drawn forward through the 
air/oil cooler, and through the two previously men- 
tioned slots between che scrolls, The air is then pulled 
back through the engine for the combustion process. 


IN-FLIGHT COOLING OF THE 
A-C AND D-C GENERATORS. 


The intermediate duct scroll takeoff is located in ap- 
proximarely the 4 o'clock postion. Note in figure 2-20 
that the cooling duct from this takeoff runs aft down 
the right side of the engine to the a-c and d-c gener- 
ators. Cooling air simultaneously enters the aft end 
of the a-c generator and the forward end of the d.c 
generator, Both ducts come together downstream of 
the generators and ar this point there are rwo opposite- 
acting flapper valves. Exit air closes the overboard 
flapper valve and opens the other flapper valve to the 
accessory séction. Under these conditions exit air from 
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Figure 2-19. Engine Ground Cooling System Schematic 
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Figure 2-20. Generator Cooling System Schematic 
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both of the generators is further utilized for cooling 
the accessory section. The air continues aft and exits 
between the afterburner shroud and the tailpipe struc- 
ture, 


GROUND COOLING OF THE GENERATORS. 


Generator cooling under low airspeed conditions 
(which is the same as ground operation) is accom- 
plished on the reverse flow principle, as shown below. 
This reverse air flow opens the ground run door on 
the airplane skin and closes the accessory section flap- 
per valve. In this manner, cooling air is drawn іп 
from the outside and flows forward through the duct 
scroll, At this point the air is drawn into the com- 
pressor section and used for combustion purposes. 


ENGINE ANTI-ICING SYSTEM. 


Whenever icing conditions exist, ice will form not 
only on the airframe structure, but also in the engine 
inlet area. If ice formation is allowed to continue, it 
will seriously reduce che engine power output. In the 
F-102A airplane, provisions are made to prevent the 
ice accumulation on the inler guide vanes and sur- 
rounding area by directing sixteenth-stage heated air 
through the hollow vanes and forward around the 
nose accessory fairing. This hot air is exhausted be- 
hind the nose accessory fairing cap and allowed to 
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enter the engine intake. Airflow is controlled directly 
by two electrically-operated shutoff valves, and in- 
directly by two flow-control valves. 


In figure 1-16 of Chapter I, che complete airflow раг- 
tern is shown, The electrical controls and the compon- 
ents for the engine anti-icing system will be discussed 
more fully in Chapter IV. 


SUMMARY. 


In Chapter II you have learned how the engine as- 
sociate systems function to assufe that the basic en- 
gine combustion cycle will produce its continual flow 
of power. These systems have included the fuel, oil, 
starting and ignition, induction and cooling, and the 
anti-icing systems, The knowledge of how these sys- 
tems function and how each component plays its part 
in the overall function of each system will enable 
you to intelligently perform the required maintenace 
and trouble shooting оп the J57 engine. Although, in 
some cases, specific values for pressures or tempera- 
tures were given, you should keep in mind that these 
were for explanatory purposes only. For the exact 
values, you should always refer to the maintenance 
technical order which covers the power plant in- 
staliation in the F-102A, Т.О. 1Е-102А-2-4, 
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The first two chapters in this supplement have ac- 
quainted you with the 157 engine, its components and 
ў major operating systems, and how the engine operates. 
These two chapters have explained what the engine 

| does while іс із installed in the airplane. As a power 
C) plant maintenance man, you should understand that 
you may have то accomplish the handling and main- 

tenance requirements of the engine when it is not 

installed in the airplane. These requirements will con- 

| sist of: preserving and depreserving the engine; build- 
ing up the engine when ic is first received from the 
: manufacturer; and installing the engine in (and ге- 
| moving the engine from) the Е-102А. 


! АП of these requirements аге covered in this chapter. 
! ‘After first learning some of the basic principles in- 
| volved in che prevention of corrosion on engines, you 
will be familiarized with the preservation and de- 
preservation requirements of the J57 engine. The 
major portion of the chapter is devoted to che en- 
: gine build-up operation. In this discussion you will 
learn just what you must do to a new or overhauled 
i engine before it can be installed in the F-102A. The 
last part of chis chapter covers the engine installation 
and removal operations and the special tools which 
| you will need to accomplish them. 


| 
i Q Before proceeding with this chapter, there is one point 
which you shouid thoroughly understand. As men- 
tioned earlier, both the J57-23 and the -41 engines are 
used in the F-102A. In some instances the maintenance 
requirements and techniques are not the same. In most 
| of these cases the differences are mentioned іп the 
text or shown in the illustrations. Before attempting 
any maintenance on either model engine, however, 


Engine Preservation and Depreservation 
| Engine Build-Up ............................... 


| Engine Installation in the F-102A .. 


Summary aaa анна 
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Chapter III 


| ENGINE BUILD-UP AND HANDLING 


always determine the type of engine first and then 
check the maintenance technical order (Т.О. 1Е-102А- 
2-4), for the exact procedures and instructions for 
that particular model. 


ENGINE PRESERVATION AND 
DEPRESERVATION. 


Тһе combat against corrosion of aircraft engines is 
primarily a fight against moisture. In the light of 
present-day technical knowledge, the chemical princi- 
ples involved in metal corrosion are fairly well under- 
stood. 1t is generally accepted that there are смо types 
of surface corrosion—the direct chemical attack оп 
metals by corrosive liquids, and the electro-chemical 
attack in which the metal being corroded becomes a 
part of an electrolytic cell in the presence of moisture. 
Both types of corrosive action are effectively retarded 
by the absence of moisture. This fact has led to the use 
of sealed, metal containers to protect engines during 
shipment and extended storage periods. 


THE USE OF JET ENGINE SHIPPING 
AND STORAGE CONTAINERS. 


'The metal shipping and storage container for a jer 
engine serves four important functions. First, it pro- 
tects the engine from vibrations encountered in normal 
transit. Second, it protects the engine from shock en- 
countered in abnormal or rough handling. Third, it 
protects the engine from the various atmospheric con- 
ditions encountered in world-wide distribution and 
storage. Fourth, the container permits the storage of 
an engine for greater lengths of time, without fre- 
quent inspection and represervation operations. 
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Because metal containers are sealed from the atmos- 
phere, they require different sealing and dehydrating 
techniques from those used with wooden containers. 
For example, the use of a protective envelope over 
the engine inside the shipping container is unnecessary. 
It is also unnecessary to seal some of the engine open- 
ings, to prevent air from entering, or to install de- 
hydrating plugs in other engine openings, to reduce 
the moisture content. 


By using the sealed metal containers, the engine open- 
ings need only be covered with ventilation plugs which 
are designed to keep foreign matter out of the еп- 
gine interior. Dehydration of the engine and the тега! 
container is accomplished by placing a predetermined 
amount of bagged dehydrating agent in baskets inside 
the container and then pressurizing the engine con- 
trainer wth dehydrated air. 


One of the most beneficial results of che use of тега! 
containers is the limited attention which che stored 
engines demand. Adequate protection from the ele- 
ments is afforded the engine by the container itself. 
The only maintenance requirements are the maintain- 
ing of the air pressure within the container, and the 
observing of the prescribed inspection and represerva- 
rion periods. 


EFFECTIVENESS OF ENGINE PRESERVATION. 


The effectiveness of engine corrosion preventive pro- 
cedures depends upon two factors: prompt and сот- 
plete application of preservation procedures, and faith- 
ful compliance with the instructions for maintaining 
the preserved state of the engine during storage. As 
you can well understand, each of these factors is de- 
pendent upon the other. 1f you have not satisfactorily 
completed engine preservation in the first place, main- 
taining che preserved state of the engine will not do 
very much good. Conversely, if engine preservation 
was accomplished satisfactorily, improper maintenance 
of the stored engine, will also make the engine pres- 
ervation ineffective. 


You should understand that engine preservation main- 
tenance is пої represervation; but it is the regular 
inspection, and if required, replacement of the de- 
hydrating agent. If che integrity of the moisture vapor 
barrier inside the container has not been maintained, 
or if the dehydrating agent has become saturated. an 
internal inspection of the engine is required. This 
inspection should reveal whether corrosion exists on 
the interior of the engine; whether overhaul or com- 
plete represervation is necessary; or whether renewal 
of the dehydrating agent will be sufficient. 


Reports show that most of the corrosion of engines 
in storage is directly traceable to delay (permitting the 
onset of corrosion prior ro preserving the engine): 
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poor application of the required preservation рго- 
cedures; or a lack of proper maintenance of preserva- 
tion during extended periods of storage. 


When the entire preservation process is properly саг- 
ried out and adequately maintained, however, it has 
been proven that corrosion is not likely to occur while 
the engine is in storage. 


Although the engine preservation process is com- 
pletely covered in military specifications and technical 
orders, some of the more important points are men- 
tioned in the following paragraphs. 


Cleaning the engines and engine parts with chlori- 
nated solvents, such as trichlorethylene and carbon 
tetrachloride, should be avoided whenever possible. 
Although chlorinated solvents are excellent cleaners, 
they tend to encourage corrosion on metal surfaces. 
Cleaning solvent, Federal Specifiication Р-5-661, is 
preferred for hand cleaning the exterior engine sur- 
faces to which corrosion preventative compounds are 
to be applied. 


Тһе proper installation of the dehydrating agent re- 
quires that this material be handled with considerable 
care and speed to allow a minimum of exposure time 
between removal of the agent from irs package and 
installing the agent in the engine metal container. 
Partial saturation of the dehydrating agent (which 
may occur rapidly with exposure го outside air), re- 
duces the effective life of the agent. Installation of 
the dehydrating agent requires reasonable care in 
timing, but is not so difficult chat satisfactory preserva- 
tion cannot be accomplished. 


HOW TO PRESERVE THE J57 ENGINE. 


Preservation of the J57 engine is quite simple if ic is 
done while the engine is installed in the airplane. 
Basically, the preservation process consists of replac- 
ing the engine oil and fuel with preservative mixture 
and chen spraying the engine compressor inlet with 
preservative mixture. The preservation operation is 
accomplished by running rhe engine and substituting 
preservative mixture for the fuel and oil. Although 
the process listed below is fairly detailed, you should 
never start to preserve a ]57 engine until you have 
first read the controlling Military specifications and 
the engine maintenance technical order, (Т.О. 1Е- 
102A-2-4). 


Preserving the Engine Oil System. 


То preserve the engine oil system: first, place oil re- 
cepracles under the oil tank drain, the М, gear box 
drain, the IN; rear gear box (elbow gear) drain, the 
drain on the left side of the IN; gear box near the oil 
temperature bulb connection, and the fuel/oi! drain. 
Remove the drain plugs and allow the oil to drain 
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until che oil flow slows to a slow drip at all of the 
openings, then re-install and safety the drain plugs. 
The engine oil filter on the top of the таг gear 
box has to be removed, completely disassembled, and 
cleaned with a suitable cleaner (JP-4 fuel is satisfac- 
tory for this purpose); after being cleaned the filter 
should be reinstalled. When you have accomplished 
the preceding operations, service the engine oil tank 
with 514 gallons of preservative mixture. For the exact 
type of preservative mixture, you should consult the 
controlling specifications and che engine maintenance 
technical order, (Т.О. 1Е-102А-2-4). 


Run the engine up before you start on the fuel system 
preservation operation. То assure that the preserva- 
tive mixture thoroughly lubricates the interior of the 
engine, operate the engine at 7596 power for a period 
of ten minutes. 


Preserving the Engine Fuel System. 


After shutting the engine down, following the oil 
preservation run-up, you are ready to begin preserving 
the engine fuel system. Disconnect the pressurizing 
and dump valve sensing line at the fuel contro! unit, 
cap the fitting on the fuel control unit but leave the 
sensing line open to atmosphere. Place a 5-gallon 
drainage receptacle under the dump valve drain dis- 
charge point (located at the left of the engine acces- 
sory compartment access door); then disconnect the 
afterburner fuel line at che forward side of che after- 
burner manifold drain valve (located forward of the 
firewall). Connect an overboard discharge hose to the 
end of the disconnected afterburner fuel line and 
route it to another 5-gallon receptacle under the air- 
plane. Disconnect the flexible fuel line to the engine 
fuel pump inlet port and connect a 2-inch flexible 
hose to the pump inlet port. Place the other end of 
the hose in a 10-gallon container of preservative mix- 
ture. Аз a special note, be sure to keep this 10-gallon 
container at least four feet above the pump inlet port. 
This will assure sufficient inler pressure to the pump. 
If the container should become empty at any time 
during the following operation, shut off the engine 
starter and refill the container, 


Next, pull out the ignition circuit breaker on the 
breaker on the main wheel well circuit breaker panel, 
connect the external source of a-c and d-c power, and 
post a fire guard, Now connect che GTC unit air duct 
to the starter air duct receptacle in the main wheel 
well. Eight circuit breakers must be closed —FUEL 
SEL LH, FUEL SEL RH, FUEL CONT, AB CONT, 
AB POWER, EXT AC PWR, OIL PRESS, and MAS- 
ТЕК. These circuit breakers are located on the for- 
ward left hand auxiliary and main wheel well circuit 
breaker panels. 


Тһе rest of the fuel system preservation operation has 
to be timed (either a timer or a stop watch is satisfac- 
tory). Let us assume that you use a stop watch. Ad- 
vance the power lever to the TAKE OFF position; 
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have the ground operator start the GTC unit and ad- 
just the unit speed to 100% run; stare the stop watch 
at the same time the GTC unit reaches 10066. After 
15 seconds have elapsed, move the power lever out- 
board to the AFTERBURNER detent. When the watch 
reads 25 seconds, re-position che power lever to FULL 
MIL POWER. After 30 seconds total time, actuate 
the fuel control switch to EMERGENCY. Five seconds 
later, place the fuel control switch in the NORM po- 
sition and move the power lever to the ОБЕ, position 
and then forward to che TAKE OFF position at a slow, 
steady rate. After 60-seconds total elapsed time, simul- 
taneously shut off the starter and bring the power 
lever back co the OFF position. 


After the engine has stopped turning, disconnect the 
2-inch flexible hose from the engine fuel pump inlet. 
Then start the GTC again, adjust its speed to 100%, 
and allow it to turn the engine over. With the en- 
gine turning, spray about one-half pint of ргеѕегуасіме 
mixture over the compressor inlet section. Be sure to 
keep the spray gun about 18 inches from the com- 
pressor inlet, and keep moving the gun constantly to 
assure that the entire compressor entrance area is 
sprayed evenly. When you have completed the spray- 
ing, disengage the starter valve, shut down the GTC 
unit, and disconnect the starter from the engine. 


This completes «һе preservation operation of the en- 
gine while ic is installed in the airplane. You are now 
ready to proceed with engine removal. 


HOW TO DEPRESERVE THE J57 ENGINE. 


АП jer engines shipped from overhaul depots or engine 
manufacturers are preserved, to prevent engine cor- 
rosion. Ás a result, you will have to flush the engine 
fuel system and drain the preservative from the oil 
system. Мо special fluid is needed for the fuel system 
flushing operation—regular ЈР-4 fuel is entirely sat- 
isfactory. The basic idea of the engine depreservation 
operation is to drain the oil and then to crank the 
engine over (without starting it), so that fuel will be 
forced through the engine fuel system and wash away 
the preservative. Before starting the depreservation 
operation, fill the airplane fuel tanks. 


Depreservation of the Engine Oil System. 


In comparison to the depreservation operation for the 
fuel system, the engine oil system depreservation oper- 
ation is relatively simple. Place oil drain receptacles 
under the oil tank drain, the N, gear box near the 
oil temperature bulb connection, and the drain on the 
fuel/oil cooler. These are the same drains that were 
used to drain the oil in the engine preservation opera- 
tion which was discussed earlier in this section. Re- 
move each of the drain plugs and allow the preserva- 
tive to run from the drains. 
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Disconnect the afterburner sensing line from the after- 
burner igniter and provide a receptacle for the oil 
from this line. Leave the drain plugs out unril the oil 
discharge slows to a slow drip. Then, remove and 
completely disassemble the engine oil filter at the top 
of the main gear box. Clean this filter with a suitable 
cleaning solvent or JP-4 fuel. Then, re-assemble rhe 
filter and install it on che engine, When the preserva- 
tive has drained out, replace and safety the drain 
plugs, and connect the sensing line. Then fill che en- 
gine oil сапы with 5.5 gallons of oil, specification 
MIL-L-7808. 


Flushing the Fuel System. 


As mentioned earlier, some ]57 engines are equipped 
with pneumatic starters and other engines are equipped 
with combustion-type starters. The procedure given 
in this training manual for flushing che engine fuel 
system is for the pneumatic starter-equipped engines 
only, Information on flushing the engine fuel system 
on the combustion-type starter-equipped engines will 
be given in the engine maintenance technical order 
when the information is available. 


Several preparations must be made before you are 
ready to flush the engine fuel system. Some of the 
preparations are safety precautions and others are main- 
tenance duties, Never omit avy of these preparations. 
First, disconnect the pressurizing and dump valve 
sensing line at the fue! control unit and cap the fit- 
ting on che fuel control. The sensing line can be left 
open to atmosphere during the flushing operation. 
Next, disconnect the afterburner fuel line ас the for- 
ward side of che afterburner manifold drain valve and 
attach a drain hose to the disconnected line. Place the 
free end of the drain hose in a 5-gallon receptacle. 
Another 5-gallon receptacle should be placed under the 
drain discharge of the fuel pressurization and dump 
valve. Although receptacles of other sizes can be used, 
it is best to have ас least the 5-gallon size in case more 
fuel is discharged than normally expected. 


Although the engine is not going to be started for 
the fuel flushing operation, electrical power is needed. 
Pull the ignition circuit breaker in the main wheel 
well circuit breaker panel, connect the external source 
of a-c and 4-с power, and post a fire guard. 


Now. connect the GTC unit air duct to the starter 
air duct receptacle in the main wheel well. Eight cir- 
cuit breakers must be closed—FUEL SEL LH, FUEL 
SEL RH, FUEL CONT, AB CONT, AB POWER, EXT 
AC PWR, OIL PRESS, MASTER. These circuit break- 
ers are located on the forward left-hand auxiliary and 
main wheel well circuit breaker panels. You are now 


ready to proceed with the fuel system flushing opera- 
tion. 
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With the GTC unit operating at 100% speed, advance 
the power lever to che TAKE OFF position. Notify the 
operator of che GTC unit to open the starter air valve 
and begin engine cranking. From this point, you 
should use either a timer or a stop watch to time the 
operation. Crank the engine over for 15 seconds, and 
then move the power lever to AFTERBURNER. After 
10 seconds of this, retard the power lever back to 
non-afterburning. After 5 seconds of non-afterburn- 
ing, actuate che fuel control switch to EMERGENCY 
for 5 seconds. Then move the power lever back to OFF 
and forward to TAKE OFF. This movement should 
not take longer than 5 seconds. One full minute after 
you start the flushing process, retard the power lever 
to the OFF position and release the starter switch. 


At this time the ground-assisting crew тап should 
check the amount of fuel in che 5-gallon receptacles, 
A minimum of three gallons of fuel-oil mixture should 
have drained from rhe dump valve drain and abour 
буо gallons from the afterburner fuel line. If less 
than this has drained, you should repeat the flushing 
procedure. If the minimum amounts are in the re- 
ceptacles, remove che hose from the afterburner fuel 
line, then reconnect the pressurizing and dump valve 
line and the afterburner fuel line. 


The fuel-flled fuel control unit must be allowed to 
soak for a minimum of eight hours. This soaking pe- 
riod is required to assure satisfactory sealing of the 
internal packings,and to condition the internal syn- 
thetic rubber diaphragms. After the eight hour soak- 
ing period has elapsed, the engine is ready for run-up. 


ENGINE BUILD-UP. 


Each jet engine received from the manufacturer for 
installation іп an airframe must have certain com- 
ponents and accessories installed, removed, and, in 
some cases, replaced. This operation of preparing an 
engine for airframe installation is commonly referred 
to as engine build-up. 


Almost every type of jet engine is designed and man- 
ufactured for use in more than one particular model 
and type of aircraft. Since all types of aircraft are 
not designed the same, as far as size and available 
space are concerned, aircraft engines must have their 
accessories and components located in such a manner 
as to compensate for the design peculiarities of each 
particular type of aircraft. Because of this, fact, it has 
become an accepted practice for the engine manu- 
facturer to supply the airframe manufacturer with the 
basic engine that has just a few of the necessary com- 
ponents mounted. The airframe manufacturer then 
installs those other accessories and components which 
the engine will need in his type of aircraft. 


А typical example of the need for engine build-up is 
the power lever cross-over shaft chat is installed on 


the 157 engine Бу the engine manufacturer. This cross- 
over shaft must be replaced with another cross-over 
shaft by the airframe manufacturer. Тһе original 
cross-over shaft is not compatible with the Е-102А 
power lever mechanical operating system. Another ex- 
ample of this nature is the outer exhaust nozzle leaves 
on the earlier J57 engines with the "iris" type of ex- 
haust nozzles. These leaves, like the cross-over shaft, 
were designed for engine installation on types of air- 
craft other than the F-102A. The engine shroud con- 
figuration on rhe F-102A makes these exhaust nozzle 
leaves unnecessary and they must be removed before 
the engine is installed. 


Now that you have a general idea of the need for en- 
gine build-up, let's go chrough a sample engine build- 
up operation and prepare а |57 engine for installation 
in the F-102A. 


UNPACKING THE J57 ENGINE. 


'The 157 turbojet engine is shipped from the factory 
in a pressurized тега! container. In figure 3-1, the 
engine is shown in the shipping container as the cover 
is being removed. The skids on which the metal con- 
tainer is mounted provide a means for keeping the 
engine and container upright while the engine is be- 
ing shipped. 


Before you start to remove the engine container cover, 
check the dehydrating agent inside the container. А 
small humidity window in the end of the engine con- 
tainer allows you to visually check rhe small bag of 
dehydrating agent and determine whether the agent 
is blue or pink. A dehydrating agent wirh a solid blue 
color indicates chat moisture has not entered the con- 
гаіпег, while а pink-colored agent indicates that mois- 
ture has entered the container and engine corrosion 
has probably already started. If the dehydrating agent 
is pink, the engine should be handled in accordance 
with the existing technical orders. Normally, though, 
you will find that the agent is colored blue, and after 
determining this, you can proceed with the container 
cover removal operation. 


Always release the air pressure from the container 
before attempting to loosen the hold-down bolts and 
remove the cover. The relief valve for this purpose 
is situated on the end of the container adjacent to the 
humidity inspection window, In most cases, engine 
containers are pressurized co only about 5 psi so no 
great length of time is required to relieve the pressure. 


After removing all of the cover bolts, use a chain hoist 
or other suitable hoise or sling assembly to lift the 
container cover off. Note in figure 3-1 how the sling 
assembly is actached to the engine ro lift the engine 
from the container. The sling attaches to one front 
and two rear attach fittings. А special sling (SE-0945) 
will be furnished as special equipment with che 
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Е-102А to provide a more efficient means for removing 
the engine from the shipping container and for lower- 
ing it on the engine build-up stand. The SE-0945 sling 
has provisions for lifting the engine, the engine and 
afterburner, or just the afterburner itself. 


The J57 engine is mounted on shipping rails inside 
the metal container. These shipping rails are secured 
to che container. In figure 3-1, mote that there are 
four bolts in each rail. Prior to lifting the engine 
from the container, the nuts from these eight bolts 
must be removed. Figure 3-1 shows how the shipping 
rails are secured to the engine mounts. 


Afcer you have lifted the engine from the shipping 
container, keep the engine on the sling and remove 
the shipping rails from che engine, As shown in fig- 
ure 3-2, removal of the rails allows the right front 
thrust mount and its roller, and the left front mount 
bracket and its roller, co be installed оп the front of 
the engine. These rollers are used only for engine 
build-up, engine removal, and engine installation. As 
you will see later in this section, the rollers assist in 
moving the engine into the F-102A. All of che rollers 
must be removed after the engine has been installed 
in the F-102A. The engine can now be lifted onto 
the rails of the engine removal and installation trailer 
SE-0635. Тһе engine is then ready for engine build-up. 


UNPACKING THE J57 AFTERBURNER. 


The afterburner is shipped from the factory in a 
wooden container. In figure 3-3, the conrainer is shown 
with the top and one of the sides removed. Note that 
this container also has a center of balance marker on 
the container. The bolts shown in che end of the box 
in the right hand portion of figure 3-3 are inserted 
through che afterburner mating flange and the box. 
"These bolts hold the afterburner firmly in place during 
shipment. Although not shown in the illustration, SE- 
0945 sling assembly is used to lift the afterburner from 
the box bottom and hoist it onto an SE-0730-803 after- 
burner adapter stand. This stand is also furnished as 
special equipment with the F-102A. It was designed 
for use with the Lockheed truck 205226 which is 
widely used by the Air Force. By using the Lockheed 
truck with che afterburner adapter stand, you can 
easily move the afterburner around. As you will find 
out from experience, this movability aids greatly in 
the assembly of the afterburner го the engine. 


AFTERBURNER TO ENGINE BUILD-UP. 


Тһе adapter stand, the Lockheed truck, and che after- 
burner are shown in figure 3-4. Note that the after- 
burner rests in the 5Е-0730-803 adapter stand which 
in turn rests on the rails of the Lockheed 205226 truck. 
Тһе engine, shown in the right portion of figure 3-4, 
is suspended in the SE-0635 engine removal and in- 
stallation trailer. 
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Unpacking the J57 Engine 


Figure 3-1. 
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Preparing the 157 Engine for Engine Build-Up 
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Figure 3-3. Unpacking the J57 Engine Afterburner 
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Figure 3-4. Installing the Afterburner 
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Figure 3-5. Sundstrand Gear Box and Engine Starter Installation 


The afterburner installation is relatively simple. The 
adapter stand should be pushed up to the engine so 
that the afterburner mating flange aligns with the 
engine attach flange. Then install che attach bolts so 
that the bolt heads are towards the front of the en- 
gine as shown in view C of figure 3-4. When install- 
ing the attach bolts, you may find that a few bolts can- 
not be easily inserted in their proper holes. In this 
event, insert a drift pin in an adjacent hole and force 
the afterburner mating flange into the correct posi- 
tion—never hammer an attach bolt ико its hole. You 
will probably find thar there will always be a certain 
amount of “jockeying” involved in mating the after- 
burner with che engine attach flange; since there are 
60 bolts to be installed, this is со be expected. Remem- 
ber—never force the bolts into the holes. 


In view B of figure 3-4, note how two of the 
attach bolts also hold the bracket for the afterburner 
nozzle air-actuation tubes. After these two bolts have 
been installed, the nozzle air-actuation tubes can be 
joined at their connection point just forward of the 
afterburner mating flange. 


Тһе afterburner attach bolts are torqued to approxi- 
mately 70 inch-pounds. For the exact torque value, 
refer to the maintenance technical order, (Т.О. ІЕ- 
102А-2-4). The attach bolts should be pattern-torqued; 
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that is, you should start with the top bolt and work 
around in a counrer-clockwise direction (looking from 
the front of the engine). 


HOW TO INSTALL THE SUNDSTRAND 
ENGINE-MOUNTED GEAR BOX. 


As you will recall from Chapter 1, the Sundstrand 
constant-speed drive unit consists of two major com- 
ponents: an engine-mounted gear box; and an air- 
frame-mounted transmission and gear box. For the pur- 
pose of engine build-up, we are interested in only 
the engine-mounted gear box. Figure 3-5 shows the 
location of the gear box and how it is attached to the 
engine accessory drive case. Note сас the gear box 
shaft is splined to the accessory drive. The gear box 
is secured on its mounting pad by six mounting studs. 


Тһе installation of this unit should be relatively sim- 
ple—place the oil seal gasket over the mounting studs 
on the gear case, align che gear box shaft with the 
gear case spline, and then slip che gear box over the 
six mounting studs. Tightening the six nuts and con- 
necting the oil IN and OUT lines completes the gear 
box installation. 


HOW TO INSTALL THE ENGINE 
PNEUMATIC STARTER. 


The engine starter is mounted on the forward face 
of che Sundstrand gear box as shown in figure 3-5. 
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Figure 3-6. Primary Hydraulic Pump installation 


Note that the starter installation is just about the same 
as the gear box installation. After placing che gasket 
over the studs on the gear box, align the starter 
shaft spline with the gear box spline and slip the 
starter over the mounting studs. Then tighten the 
hold-down nuts and connect the electrical plug to the 
starter. 


On some of the later model F-102A airplanes, a com- 
bustion-type starter is used. The installation of the 
combustion-type starter is quite similar to that of the 
pneumatic starter shown in figure 3-5. A starter mount- 
ing head (adapter) attaches to the constant-speed gear 
box and che combustion-type starter then atraches to 
the mounting head. In addition co the electrical con- 
nection, che combustion-type starter also has a starter 
air line and fuel line which must be attached. Com- 
plete information on the combustion-type starters will 
be furnished in the |57 engine maintenance technicat 
order (T.O. 1F-102A-2-4), when the starters are fur- 
nished with the engine. 


HOW TO INSTALL THE PRIMARY AND 
SECONDARY HYDRAULIC PUMPS. 


Two hydraulic pumps must be installed on the J57 
engine during engine build-up—the primary and sec- 
ondary pumps. Each hydraulic pump supplies approxi- 
mately 3000-psi hydraulic pressure to its respective 


hydraulic system. The two pumps are identical in 
appearance and function, and they are interchange- 
able. Note in figures 3-6 and 3-7, that the hydraulic 
pumps are mounted on the right and left side of the 
engine on the forward face of che engine accessory 
drive case. Each pump is splined individually to an 
accessory drive in the case. 


А nebular spline must be used to install che pump. 
Тһе nebular spline is a female spline adapter which 
fits over both the hydraulic pump spline and the en- 
gine spline. Usually, you will find it best to slip the 
spline adapter over the pump spline and then align 
the adapter with the engine spline. This will allow 
you to slip the pump over the six mounting studs. 
Tightening che bolts and connecting the hydraulic 
lines finishes the pump installation. 


As a special note, always remember го fill che pump 
housing with hydraulic fluid, Specification MIL-0-5606, 
after you have installed the pump on the engine. The 
pump should be filled through the case drain line 
connection point. 


Although the installation for only one of the pumps 
has been described, the installation procedure is just 
the same for the other. Ás mentioned, the primary 
and secondary hydraulic pumps are interchangeable. 
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Figure 3-7. Secondary 


The only difference is that either pump must be turned 
over before it can be installed on the other pump 
mounting pad. The primary pump, for example, must 
be rotated 180? when it is used as a secondary pump, 
to insure that the pump fittings align with the at- 
taching hydraulic lines. 


Comparing the installation of the two pumps, note 
that the case drain line for the primary pump con- 
nects to the bottom of the primary pump housing. The 
case drain line for che secondary pump connects to 
the side of the pump housing. The mounting face on 
each pump, primary and secondary, has four drain 
holes, but only one is used. The other three drains 
are plugged. This type of design permits the pumps 
to be installed on any type of engine and the most 
convenient drain opening can then be used. 


HOW TO INSTALL THE TACHOMETER GENERATOR. 


Тһе tachometer generator is installed on the engine 
to furnish an indication of total engine rpm to the 
pilot оп the tachometer instrument in the cockpit. 
Тһе tachometer instrument is calibrated in percent 
of engine М; compressor rpm. The tachometer gen- 
erator is installed on the accessory drive case imme- 
diately below the right hydraulic pump and the en- 
gine starter, as shown in figure 3-8. 
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Hydraulic Pump Installation 


The installation of the tachometer generator is a typi- 
cal engine component installation and should not 
create any problem. Note that the generator is splined 
to the accessory drive in the case and is mounted on 
four studs. When installing the generator, place che 
gasket over the studs on the gear case and align the 
generator splined shaft with the spline in che accessory 
gear case. This will allow you to slip the generator 
down over the four mounting studs and tighten the 
hold-down nuts. Connecting the electrical connection 
on the generator and safetyiag the connector com- 
pletes the installation. 


HOW TO INSTALL THE POWER 
LEVER CROSS-OVER SHAFT. 


Тһе engine manufacturer's power lever cross-over shaft 
and БеПсгапЕ must be replaced with an assembly de- 
signed by the airframe manufacturer. This is necessary 
because the original cross-over shaft and bellcrank 
will not fit the Е-102А% airframe-mounted power lever 
mechanical linkage system. 


Figure 3-9 shows how the cross-over shaft and bell- 
crank ride іп two bearings. Note how the shaft and 
bellcrank are secured to the bearings with collars and 
clevis pins. The bellcrank assembly slips over the 
end of the cross-over shaft on the left side and is 


clevis-pinned to the shaft. This makes the shaft and 
bellcrank one solid unit. 


HOW TO INSTALL THE OIL LOW-PRESSURE 
WARNING SWITCH. 


The oil low pressure warning system on the J57 en- 
gine notifies the pilot of dangerously low oil pressure 
conditions in the engine oil system. The oil low-pres- 
sure warning switch 15 actuated by a drop іп the oil 
system pressure, When oil pressure drops occur, the 
switch closes and completes the electrical circuit to the 
oil low-pressure warning lights in the cockpit. When 
the pressure again rises, che switch opens and breaks 
the circuit. 


The warning switch is installed on суо mounting 
brackets between the М, and М; compressors on the 
left side of che engine as shown in figure 3-10. Two 
of the compressor flange bolts must be used to secure 
each pressure switch warning bracket. Tightening the 
switch bolts, and then connecting the electrical lead 
and the two one-fourth inch tubes, completes che 
installation of the switch. The operation of the warn- 
ing systems and their components will be discussed in 
detail іп Chapter ГУ, 


HOW TO INSTALL THE FUEL LOW -PRESSURE 
WARNING SWITCH. 


The fuel pressure warning switch actuates the warn- 
ing light which notifies che pilot of а dangerously low 
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Figure 3-9. 
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Figure 3-8. Tachometer Generator Installation 
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Figure 3-10. Oil Low-Pressure Warning 
Switch Installation 


fuel pressure condition in the engine fuel system. 
When a drop in fuel pressure occurs, the switch closes 
and completes the electrical circluit to the warning 
light in the cockpit, When the fuel pressure rises che 
switch opens and the warning light goes out. 


Note in figure 3-11 that the switch and mounting 
bracket are attached by bolts at three points on the 
lower left side of the accessory drive case. The fuel 
low-pressure switch has two tubing connections, the 
fuel pressure sensing line and the fuel drain line. 
Connecting these two lines and the electrical con- 
nection completes the low-pressure switch installation. 


HOW TO INSTALL THE FUEL FLOWMETER. 


The fuel flowmeter measures how much fuel the en- 
gine is consuming per hour. Note in figure 3-12 chat 
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the flowmeter is installed on the right side of the en- 
gine between the exhaust nozzle control valve and 
the main fuel control unit. The flowmeter is secured 
to the М; compressor case by three attach bolts, The 
arrows on the attach points on the flowmeter indicate 
the correct attachment of the fuel OUT and IN lines. 
The electrical. lead that connects to the flowmeter runs 
to the fuel flow indicator in the cockpit. The interna! 
details of this fuel flowmeter and the indicating in- 
strument will be covered in Chapter IV. 


HOW TO INSTALL THE AFTERBURNER 
NOZZLE POSITION SWITCHES. 


The afterburner nozzle position switches detect the 
position of the afterburner nozzle. The switches then 
complete an electrical circuit to the indicating instru- 
ment in the cockpit. Note in figure 3-13 (detail B) 
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Figure 3-11. Fuel Low-Pressure Warning 
Switch Installation 
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that the switches are secured on the engine adjacent 
to the anti-surge bleed valve on the right side of che 
engine. In detail B of figure 3-13, you will not chat 
a nozzle position cable connects to the position switch. 
The movement of the afterburner nozzle causes the 
switch cam to depress one of the switches. The in- 
dicator in the cockpit will then show that the after- 
burner nozzle is open or closed, depending upon 
whether the OPEN or CLOSED switch is actuated by 
the cam. 


Although the switch installation is the same on both 
the -41 and the -23 engines, the position cable attach- 
ment at the exhaust nozzle is slightly different on the 
two engine models. This is shown in detail A of figure 
3-13. On the -23 engine the cable bracket attaches di- 
rectly to the nozzle door, while on the -41 engine che 
cable bracket attaches to the actuating cylinder. The 
operational and functional details of the afterburner 
nozzle position indicator switches and the indicating 
instrument will be covered in Сћаргег ТУ. 


HOW TO INSTALL THE SUNDSTRAND 
CONSTANT-SPEED DRIVE OIL FILTER. 


Тһе oil filter for the constant-speed drive unit insures 
that no foreign material enters che engine main oil 
system through the drive unit oil system. This oil filter 
is mounted on the upper right side of the Ny and IN; 
compressor attach flange. Three bolts on the compres- 
sor flange must be "picked up" го secure the filter 
bracket. Note in figure 3-14 how (һе marman clamp 
holds the oil filter in place. The oil OUTLET апа 
INLET lines attach to the filters by standard AN 
fittings. 


HOW TO INSTALL THE ENGINE 
AIR INTAKE STUB DUCT. 


Тһе engine air incake stub duct is designed to direct 
air into the engine and also to bleed off cooling air 
for certain parts of «һе engine. Installation of the in- 
take duct is shown in figure 3-15. Note that the duct 
attaches го the front frame of the engine. It is com- 
mon practice to insert the atrach bolts so that their 
heads are towards the front of the engine. The ас 
tach bolts must be torqued (as mentioned earlier in 
this chapter); all torque values for engine build-up 
should be obtained from the engine maintenance tech- 
nical order, (Т.О. 1Е-102А-2-4). 


HOW TO INSTALL THE AIR/OIL 
COOLER AND DUCTING. 


The air/oil cooler cools the engine oil. As shown in 
figure 3-16, the cooler is mounted on the engine just 
forward of the engine starter. The cooler is secured 
to the engine with 12 bolts, six of which are engine 


flange attach bolts. The oil INLET and OUTLET lines ` 


connect to the left side of the cooler as shown. The 
other lines, shown in figure 3-16, routed through the 
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Figure 3-12. Fuel Flowmeter Installation 


cooler bracket on the right side, belong in other sys- 
tems. These lines use the cooler bracket as a stabilizer 
to prevent excessive vibration or chaffing of rhe lines 
Note in figure 3-16 how the air inlet duct actachs co 
the air/oil cooler. The duct flange must go inside the 
air/oil cooler flange. 


HOW TO INSTALL THE ALTERNATE 
COOLING AIR VALVE. 


Тһе alternate cooling air valve assures that the engine 
receives cooling air at low air speeds or when the 
engine is operating on the ground. The air valve and 
its accompanying ducting are installed near the top 
of the engine on the М, compressor case. Note in fig- 
ure 3-17 that the ducting for the air valve is made 
of flexible braided tubing. One end of the air valve 
ducting attaches to che engine shroud cooling duct; 
the other end of the ducting attaches to the air 
duct from the М, compressor case. Two flexible valve 
clamps hold the air valve securely in place between 
the two sections of braided ducting. Connecting the 
electrical lead and safetying it completes the installa- 
tion of the alternate cooling air valve, 


HOW TO INSTALL THE GROUND COOLING 
AIR DUCT CHECK VALVE. 


As you will note in figure 3-18, this check valve has 
three openings—a ground cooling intake (from the 
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Figure 3-13. Afterburner Position Indicator Switch Installation 
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air valve just discussed), an in-flight cooling intake, 
and an outlet to the transition duct on the engine 
shroud. The check valve is mounted on the left side 
of the engine just below the fuel/oil cooler. The aft 
marman clamp secures the check valve to the engine. 
Моге in figure 3-18, that the ground cooling air sup- 
ply duct attaches to che check valves by means of two 
bolts. The smaller duct from the air supply ducting 
attaches to the check valve by means of a small mar- 
man clamp, while the outlet of the check valve at- 
taches co the transition duct by means of a slip joint 
connection. This type of joint allows for duct expan- 
sion due to engine heat. 


HOW TO INSTALL THE LOW-PRESSURE 
PNEUMATIC BLEED DUCT. 


This low pressure pneumatic bleed duct is installed as 
a source of low-pressure pneumatic system pressure 
for operating various components in the airplane, The 
bleed duct is mounted on the top of the engine at 
the aft end of the М, compressor case as shown in 
figure 3-19. It is secured to the engine by three attach 
bolts at each connection point. 


HOW TO INSTALL THE COMPRESSOR 
BLEED VALVE ADAPTER. 


The compressor bleed valve adapters are installed di- 
rectly under the bleed valves that are furnished with 
the engine. The bleed valves themselves are installed 
on the upper right and left sides of the engine. АЇ- 
though the )57-Р-41 engine has two bleed valves— 
one on each side of the engine; the -23 model engine 
has only the left hand bleed valve installed. 


Figure 3.20 shows a typical -23 engine. Note the 
adapter installed dircetly under the bleed valve. The 
airframe manufacturer has provided this adapter so 
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Figure 3-14. Sundstrand Drive Oil Filter 
Installation 


that the bleed valve will reach the opening in the air- 
frame. When you first receive an engine for engine 
build-up, you will have to remove the bleed valve 
from the engine and then secure (һе bleed valve 


Figure 3-15. Engine Air Intake Stub Duct Installation 
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Figure 3-16. Air/Oil Cooler Installation 


adapter with the same bolts that you took out when 
you removed the valve. The adapter then attaches to 
the bleed valve by means of the marman clamp as 
shown in figure 3-20. Three /4-іпсһ tubes connect to 
the fittings on the side of the bleed valve actuator. 


HOW TO INSTALL THE EXHAUST NOZZLE 
ACTUATOR INSULATING BLANKET. 


The exhaust nozzle insulating blanket is used only on 
J57 engines with the “iris” type afterburner exhaust 
nozzles. The blanket insulates the afterburner actu- 
ating components from the engine heat. The insulat- 
ing blanket is fitted around the inside of the tailcone 
under the exhaust nozzle actuators, and it is laced in 
place with common safety wire. You will find that it 
is пог necessary to remove the afterburner actuating 
mechanism to install the insulating blanket. Just loosen 
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the forward attach bolts on the actuating cylinder so 
that the blanket can be slipped around the tailcone. 
For further information on the installation of the 
insulating blanket, refer to thhe engine maintenance 
technical order, T.O. 1Е-102А-2-4, 


HOW TO INSTALL THE ENGINE SHROUD. 


The engine shroud provides efficient engine cooling 
and protects the airframe structure from excessive en- 
gine heat. As you can see from figure 3-21, the shroud 
is divided into two sections. The forward section of 
the shroud, with its transition duct, is positioned 
around the engine at the forward fire seal and is se- 
cured in eight places by eye bolts and nuts. The aft 
section is secured со the forward section by a large 
marman clamp. Note that the aft section is also sup- 
ported іп two places by two engine shroud support 
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Figure 3-17. Alternate Cooling Air Valve 
Installation 
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Figure 3-18. Cooling Air Duct Ground Check 
Valve Installation 


brackets and turnbuckles. These two supports are ас- 
cessible through sliding access doors in the shroud. 
Тһе aft end of the engine shroud must be held away 
from the engine by support blocks during engine 
biuld-up. The four regular support turnbuckles hold 
the shroud away from the afterburner when the en- 
gine is installed in the aircraft. 


HOW TO INSTALL THE М, ACCESSORY FAIRING. 


The М, accessory fairing is mounted on the nose of 
the J57 engine at the air intake. The accessory fairing 
houses the bleed valve governor and the М, accessory 
case. Note in figure 3-22 that the fairing is secured 
in position by 12 studs in the accessory case. The hold- 
down nuts for the studs can be tightened only by 
reaching through the hole in the end of the fairing. 


POWER PLANT 


Тһе nose cap is then installed with four bolts to com- 
plete the fairing installation. 


ENGINE INSTALLATION IN THE Ғ-102А. 


Installing the J57 engine in the F-102A airplane can 
be a compartively easy operation—providing you have 
and use the necessary ground support equipment. Fol- 
lowing the procedures and instructions in the main- 
tenance technical order (T.O. 1F-102A-2-4) will also 
make the operation as simple as possible. To acquaint 
you with the general procedure and requirements of 
the engine installation operation, let's go through a 
sample operation. 


PREPARATION FOR ENGINE INSTALLATION. 


Тһе airplane must first be readied for the engine by 
stabilizing th airplane in a relatively level position. 
This leveling process can be accomplished quite easily 
by use of standard aircraft jacks. Then remove the tail 
cone (if it is not already removed) and either open 
or remove all of the fuselage access doors іп the en- 
gine area. The tail cone removal is facilitated by the 
use of the Lockheed truck 205226 and the adapter 
stand SE-0731, which are shown in the lower right 
portion of figure 3-23. 
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Figure 3-19. Low-Pressure Pneumatic Bleed Duct 
Installation 
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Figure 3-20. Compressor Bleed Valve Adapter 
Installation Ы 


Special installation rails and brackets must Бе in- 
stalled inside the airplane to assist in rolling the en- 
gine into the airframe. These extension rails (SE-0857 
-801 and -802) are furnished as special equipment with 
the Е-102А, The extension rails and their brackets are 
shown in their installed position in the upper view 
of figure 3-23. Detail C in figure 3-23 shows the typi- 
cal rail support bracket installation—note that che 
support bracket fits inside the slot in the side of the 
installation rail. You will have to install three of 
these rail support brackets on each side of the fuselage. 
The forward two support brackets, one on each side of 
the fuselage, stay in the aircraft permanently. These 
eight brackets support the total weight of the rails 
and the engine while the engine is rolled into the 
airframe. 
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After you have the engine installation rails firmly 
secured to the fuselage structure, you are ready to 
move the engine up to the airplane. It is a good 
practice ro position the engine mount stand SE.0635 
just aft of the fuselage so you сап visually determine 
when the engine has been raised to about the right 
height. Then move the engine mount stand up close 
to the airplane. Using the jacks on the engine mount 
stand, raise the mount stand high enough that che 
rails on the stand align with the rails thar you have 
installed in the airframe. When you have the two 
sets of rails aligned, insert the special гай splice bolts 
(provided with the stand) through both sets of rails 
so that the rails are locked together. Then attach the 
engine mount stand draw bar to the attachment bracket 
on the lower flange of the engine afterburner section. 
Keep in mind that this is just а general description 
of the operation. Detailed operating instructions for 
the engine mount are included on an instruction plate 
attached to the stand. 


In detail C of figure 3-24 note che mount pad, the 
alignment ring, and che fuselage portion of the thrust 
mount. Place the alignment ring over the fuselage 
portion of the thrust mount. Then proceed with the 
next step—attaching the forward mount turnbuckles 
to the fuselage. It is a good practice to center the 
turnbuckle barrels berween the turnbuckle eyes before 
you attach them to the fuselage. This will give you 
greater adjusting range with the turnbuckles after 
the engine is installed. At the same time you are 
attaching them to the fuselage, lubricate the curn- 
buckle threads wth grease—MIL-G-7 187 or equivalent. 


INSTALLING THE ENGINE. 


Now you are ready to roll the engine into the air- 
frame. Make sure that all lines and equipment will 
clear the airplane, then roll the engine forward оп 
the engine installation rails until the right front en- 
gine thrust mount contacts the fuselage fitting. This 
is the fitting on which you have already placed the 
alignment ring. The assembled view of the forward 
mount fitting is shown in detail A of figure 3-23. In 
figure 3-24, note the two engine support link as- 
semblies at the aft end of the engine. These assem- 
blies indicated by the number 7 are more commonly 
called "dog bones." By adjusting the "dog bones” and 
the forward mount turnbuckle assemblies, you can lift 
the engine up from the engine installation rails. Raise 
the engine just far enough so that the engine support 
rollers curn freely. Іс is good practice to keep the 
number of turns equal for both of the forward mount 
turnbuckles. 


Now, remove the engine installation rails, the rail 
support brackets, and the forward and aft engine roll- 
ers. Ав mentioned earlier, the two forward rail sup- 
port brackets remain installed on the airframe. With 
the rails removed, adjust the forward right support 
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linkage until the alignment ring can be positioned 
over the engine thrust mount. Keep track of the num- 
ber of turns that the turnbuckle is adjusted. Then, 


install the clamp assembly over the alignment ring 
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Figure 3-21. Engine Shroud Installation 
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and the mounting connection, and secure che clamp. 
Adjust the forward left mount turnbuckle che same 
number of turns that you did on the right mount 
turnbuckle. This will suspend the engine in a level 


Figure 3-22. М, Accessory Fairing Installation 
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Figure 3-24. Engine Disconnect Points 
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To position the afr portion of che engine correctly, 
you must first install the tail cone assembly. АП of 
the tail cone installation bolts need not be used since 
the cone installation is only temporary at this time. 
Having the tail cone assembly on the airplane will 
allow you to adjust che aft engine mounts so that the 
‘engine exhaust nozzle will center in the rail cone open- 
ing. Then remove the tail cone. 


Earlier in this chapter it was mentioned that support 
blocks were necessary to support the engine shroud 
on the engine when rhe engine was not installed in 
the airplane. Your next step involves attaching the 
four shroud supports (8 in illustration) to the fuse- 
lage and then adjusting them until the shroud is cen- 
tered around the engine. Тһе support blocks can then 
be removed. Then safety wire the shroud supports, 
the forward mount support turnbuckles, and the aft 
engine mount adjustment bolts, 


Тһе J57 engine installation operation, from this point 
on, consists of making the connections at all of the 
engine disconnect points and installing the access 
doors, All connection points are accessible through 
the engine bay access doors. Once the engine has been 
"hung" in the airframe, there are about 28 separare 
steps to be accomplished to complere all engine con- 
nections. After complering all connections, the tail 
cone can be permanently installed. As the last step, 
install or close all of the access doors. 


You will find that а wise and safe practice to follow 
during engine installation is the checking off of each 
item as you accomplish it. This practice will preclude 
any inadvertent ommissions. The preceding descrip- 
tion of the engine installation process should give a 
general, overall view of the engine installation opera- 
tion. For detailed information, refer to the power 
plant maintenance technical order, Т.О. 1F-102A-2.4. 
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ENGINE REMOVAL. 


Removing the J57 engine from the Е-102А is just 
about the reverse of the engine installation operation 
discussed thus far. The preparation procedure, how- 
ever, is exactly the same. As you will recall, this prep- 
aration procedure involved: stabilizing the airplane, 
removing the tail cone, installing the engine installa- 
tion rails, and positioning the SE-0635 engine mount 
stand so chat the rails could be spliced together. The 
rest of the engine removal operation is just the re- 
verse of the installation procedure. 


Іп some cases, the engine will be out of service for a 
very short rime, and, in this event, it will not need 
to be preserved. Where the engine is going to be out 
of service for an extended period, however, it must be 
preserved to prevent corrosion within che engine. The 
engine preservation operation has already been out- 
lined in this chapter. 


SUMMARY. 


In this chapter you have learned about the handling 
and maintenance requirements of che 157 engine when 
it is not installed in the F-102A. General practices and 
procedures for preserving and depreserving che en- 
gine were given to acquaint you with спе need for 
engine preservation as well as with the operation it- 
self. This chapter also outlined rhe engine build-up 
operation that is necessary to prepare a new or over- 
hauled engine for installation in the F-102A. The last 
portion of the chapter was devoted to che engine 
installation and removal operations as they apply со 
the Е-102А. In many cases, your maintenance duties 
will not include performing any of the engine main- 
сепапсе, except for that required for installed engines 
on the flight line. Regardless of this, however, the 
knowledge of all engine requirements will prepare 
you to become a betrer )57 engine maintenance man. 
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POWER PLANT INSTRUMENTS AND WARNING SYSTEMS 
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The engine instrument group, as the term implies, in- 
cludes those instruments that make the pilor aware of 
the power plant operating conditions. Present-day jet 
engines, such as the |57, require some instruments that 
are not required by reciprocating engines. On the 
other hand, some of the instruments needed on recip- 
rocating engines are not needed by jet engines. You 
will find thac the engine in the F-102A (the )57) has 
only five instruments, but each of these instruments 
is vitally important to the successful operation of the 
engine. 


Тһе Е-102А engine instruments and their positions on 
the instrument panel are shown in figure 4-1. These 
instruments include che pressure ratio indicator, tach- 
ometer, exhaust temperature indicator, exhaust nozzle 
position indicator, and the fuel flowmeter. The alter- 
nate pressure ratio indicator which you will find on 
some Е-102А airplanes is also shown at (һе bottom 
of figure 4-1. All of these instruments and their as- 
sociate systems will be discussed in this chapter. 


THE TACHOMETER. 


One of the instruments which tells the pilot how the 
engine is performing 18 the tachometer. 115 function is 
to determine che revolutions per minute at which the 
engine IN, compressor is turning and со provide ап 
indication of that speed on che instrument dial. 


Several types of tachometers are used in present-day 
aircraft. In a single-engine airplane, which has the 
engine mounted directly ahead of the cockpit, а me- 
chanical tachometer is frequently used. This kind of 
tachometer is driven directly from the engine by a 
flexible shaft and operates much like an automobile 
speedometer, However, most modern aircraft use ејес- 
trical tachometers, which eliminate the need of the 
direct drive shaft from the engine. The F-102A tach- 
ometer consists of ап engine-mounted generator which 
is electrically connected to an indicator in the cock- 
pit, as shown in figure 4-2. The tachometer generacor 
is mounted on the J57 engine accessory drive case and 
is splined to the accessory drive gearing. When the 
engine is running, the generator also rotates, Note that 
the generator is secured to the engine accessory drive 
case by four mounting studs. As the generator turns, 
it produces an electrical signa! which is transmitted 
to the indicator. The indicator, in turn, converts this 
electrical signal into the correct amount of М, com- 
pressor rpm and then shows this rpm on the instru- 
ment dial. 


THE TACHOMETER GENERATOR. 


Тһе cachometer generator used on the Е-102А is at- 
tached го the front of the accessory drive housing on 
the right side of the engine. As you learned in Chap- 
ter. ПІ, it із pad mounted; that is, the generator is 
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Figure 4-1. Engine Instruments 


bolted to a flat, machined surface оп the engine ac- 
cessory housing. The square-end shaft shown on the 
end of the generator in figure 4-4 projects from the 
generator into the engine accessory drive section where 
it is curned by the accessory drive gears. When the 
engine is operating at maximum rated rpm, the tach- 
ometer generator turns at 4200 rpm. 


Тһе tachometer generator shaft runs through the cen- 
ter of the rotor (armature) shaft. А pin connects the 
two shafts at the end opposite the mounting pad. This 
type of construction permits the generator drive shaft 
to absorb any vibrations that might result from slight 
wear and misalignment at the shaft connecting points. 
Thus, the rotor shaft—and consequently the rotor— 
will spin at the same rpm as the generator drive shaft. 
À bearing at each end of the rotor shaft supports the 
shaft within the generator. 


The rotor of the generator is a two-pole permanent 
magnet, made of very hard steel. Surrounding the 
rotor is the stator, made of a laminated, soft iron core 
around а three-phase winding. When the rotor is 
turned by the drive shaft, current is induced in the 
windings of the stator. Since the rotor has two poles 
(one north and one south), one complete revolution of 
the rotor will result in one cycle of alternating current 
in each of the stator windings. Three wires come from 
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the stator and carry this induced current to the gen- 
erator receptacle, and from there to the tachometer 
indicator in the cockpit. 


THE TACHOMETER INDICATOR. 


There is considerable similarity between the tachom- 
eter generator and the basic mechanism of the tachom- 
eter indicator. This should be understandable since the 
indicator incorporates a synchronous motor which has 
many of the same characteristics of the tachometer 
generator. The N; compressor rpm in the F-102A is 
indicated by the tachometer indicator in the percent 
of the engine's maximum rated speed. The dial of the 
indicator is calibrated from 0% to 100% in 296 incre- 
ments, beginning at the top of the dial and extending 
around for 270°. The large pointer on the indicator 
rotates around the large dial face. In figure 4-2, you 
will note that the indicator also has a small pointer 
and dial in the upper left portion of the large dial. 
This small pointer rotates around its dial once for 
every 10% change in engine rpm. Using both the 
large and the small scales, the indicator can actually 
show up to 11096 engine rpm. 


As you might already know, the J57 engine rotates ас 
approximately 10,000 rpm when it is developing max- 
imum thrust. Some J57 engines, however, will develop 
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Figure 4-2. The Tachometer Indicating System 
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Figure 4-3. The Tachometer and Tachometer 
Generator 


their maximum thrust at an rpm percentage figure that 
is less than 100%, 'This variation in rpm percentages 
in different engines is a natural outgrowth of modern 
jet engine design and cannot be eliminated. The rpm 
at which a jet engine develops its maximum thrust is 
always stamped on the engine data plate. If you have 
а 157 engine, for example, that has 9600 rpm stamped 
on its data plate, chat engine will develop its maxi- 
mum thrust when the tachometer indicator is register- 
ing only 96%. 


You should realize then, from the above paragraph, 
that a slight variation in engine rpm is not sufficient 
cause to crouble shoot the rachometer indicating system. 
Тһе important thing to remember is that the rachom- 
егег indicator should register about the same rpm that 
is stamped оп the engine daca plate when the engine 
is developing its maximum thrust. 


Аз just mentioned, the tachometer indicator incorpo- 
rates a synchronous motor which is quite similar to che 
one in the tachometer generator. The electrical power 
that operates the indicator motor comes from the ta- 
chometer generator. Since the indicator stator is wound 
in the same manner as the indicator stator in the gen- 
erator, a rotating magnetic field is set up in the srator 
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as it receives the induced current from the generator. 
The rotor in the indicator motor is a permanent mag- 
net. Аз you probably know, a permanent magnet will 
line up in the magnetic field around an electrical 
conductor. Because of this fact, the indicator rotor is 
dragged around by the rotating magnetic field set up 
by the generator current. Since the tachometer is 
geared directly to the engine accessory drive section, 
the rpm of the indicator rotor is an accurate indication 
of the rpm of the N; compressor. 


The exploded view of the tachometer indicator (figure 
45) will give you a good idea of how the indicator 
rotor action is turned into a dial indication of engine 
rpm. Note that the shaft which turns the indicator 
rotor also turns another permanent magnet called the 
drag magnet. Around the drag magnet is the drum, 
which—because of proximity to the drag magnet—is 
dragged around with the drag magnet. The hairspring, 
however, lets the drum rotate just so far. The amount 
that the drum can rotate depends upon the amount 
of current from the tachomerer generator, and the 
strength of che holding hairspring inside the indicator. 
Since the hairspring strength is always constant, the 
drum movement will be directly proportional to the 
current from the tachometer generator and the engine 
rpm. From the preceding description you should re- 
member that the rpm of the engine is transmitted to 
the tachometer generator by gears, then to the сасћот- 
eter indicator electrically, and finally to the indicator 
pointer by the magnetic force of the drag magnet. 


MAINTENANCE OF THE TACHOMETER 
INDICATOR SYSTEM. 


One of the most frequent troubles with tachometer 
systems—and especially electrical tachometers—is that 
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Figure 4-4: Cutaway View of the Tachometer 
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Figure 4-5. Exploded View of the Tachometer Indicator 


the indicator pointers have a tendency to stick or 
“hang up” during engine starting. This type of trou- 
ble, however, is not a malfunction of any part of the 
system, and it can be remedied by lightly tapping the 
instrument panel in the immediate vicinity of the 
tachometer indicator. If the indicator needle still sticks 
after che engine is started and you have advanced the 
power lever into the IDLE range, then something is 
definitely wrong and you will have to shut down the 
engine and trouble shoot the tachometer indicating 
system, 


Ап inoperative сасћотегег system can be traced со the 
indicator, generator, or the connecting electrica! har- 
ness. Since you are not allowed to perform any inter- 
nal maintenance or repairs on either the generator or 
the indicator, the easiest way to trouble shoot the 
system is to replace the components. Ап accepted 
method for line maintenance personnel is to first 
replace the indicator with an instrument that is known 
to be functioning satisfactorily. This will tell you 
whether the trouble is in the indicator or in the gen- 
erator and wiring. If the condition persists after the 
indicator has been replaced, replace the сасћотегег 
generator. If the condition still has not been cured, 
then you will have to either replace the electrical 
harness or run a continuity check to determine whether 
there are any breaks or shorts. 


THE PRESSURE RATIO 
INDICATOR SYSTEM. 


On reciprocating engines, the pilot needs two basic 
indications to determine how much power the engine 
is developing. These two indications are engine rpm 
and engine manifold pressure. On jet engines the pilot 
must also have two basic indications to know how 
much power the jet engine is developing. One of these 
indications, the IN; compressor rpm, was discussed in 
the preceding section. The other indication is the ratio 
of the engine exhaust pressure to the intake air 
pressure. 


This pressure ratio is very important on all jet engines; 
especially on dual spool (two-compressor) суре turbo- 
jet engines, such as the )57. In the dual-spool type of 
engine, it is possible for one of the compressors to 
operate at near-stall conditions, without the tachometer 
showing any appreciable change in rpm and without 
the pilot being aware of it. To really know how the 
engine is performing, the pilot needs an accurate 
measurement of the thrust that the engine is produc- 
ing. The pressure ratio indicator provides this in- 
formation. 


Two different types of pressure ratio systems are used 
in che F-102A airplane. Early airplanes use the direct 
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Figure 4-6. The Direct and Remote Pressure Ratio Indicators 


reading system, while the later models use the remote 
reading system. Yn the direct reading system the pres- 
sures which are to be compared (intake and exhaust), 
are piped from the sensing areas and introduced di- 
rectly into the indicator instrument case. In the remote 
reading systems, however, a remote transmitter is used 
to measure the two pressures and then send electrical 
signals to the indicator in the cockpit. Both the direct 
and the remote reading indicators are shown in figure 
4-6. Each type of indicator is discussed individually 
in the following paragraphs. 


THE DIRECT READING INDICATOR. 


'The direct reading indicator has a fixed dial that is 
calibrated from 1.2 to 3.4 to show the ratio of the 
tailpipe exhaust pressure to the engine intake pres- 
sure, The indicator also has a transparent dial which, 
in figure 4-7, has been detached so that you might see 
its dial markings better. This transparent dial can be 
rotated by manually turning the knob in the center 
of the dial. 


То use the pressure ratio indicator correctly, the pilot 
must first know the temperature of the outside air. 
This information is provided by the outside air tem- 
perature indicator. By turning the center knob on the 
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pressure ratio indicator, the pilot can set the trans- 
parent dial so that the outside temperature will coin- 
cide with the temperature index mark on the fixed dial. 


If the outside temperature were 09С, for example, the 
pilot would turn the transparent dial until the 0? mark 
was lined up with the temperature index mark. The 
range mark on the transparent dial would then indi- 
cate the most efficient power lever settings. The pilot 
would move the power lever until the pressure ratio 
indicator pointer was in the dial area covered by the 
range mark. 


How the Direct Reading System 
Indicates Pressure Ratio. 


Figure 4-8 shows an operational schematic view of che 
direct reading type of pressure ratio indicator. The 
diaphragm within the frame assembly is the tailpipe 
pressure diaphragm. When exhaust pressures enter this 
diaphragm, the diaphragm expands and raises the en- 
tire frame assembly. The amount of expansion depends 
upon the difference between the exhaust pressure 
inside the diaphragm and the pressure on the outer 
diaphragm surface. 


Тһе frame assembly can also rotate, or pivot, on its 
two axis points. This frame assembly movement is 
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Figure 4-7. The Direct Reading Pressure Ratio Indicator System 
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Figure 4-8. Direct Reading Pressure Ratio Indicator Operational Schematic 


controlled by the inlet pressure diaphragm. This dia- 
phragm is a sealed, evacuated unit (aneroid type). 
Since the internal pressure of this diaphragm is always 
constant, the diaphragm will expand and contract ac- 
cording to pressure changes on its outer surface. The 
pressure on the outer diaphragm surface is the engine 
inlet pressure. Ав the engine inlet pressure increases, 
the diaphragm contracts and allows the frame assembly 
to turn away from the rocking shaft. When the inlet 
pressure decreases, however, the diaphragm expands 


and pushes the frame assembly around towards the 
rocking shaft. 


Note that the rocking shaft is geared to the indicator 
pointer. The rocking shaft is turned by thë up-and- 
down movement of the frame assembly. As just noted, 
the up-and-down movement of the frame assembly is 
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controlled by the tailpipe pressure diaphragm. How- 
ever, the amount of pointer movement that can result 
from any specific tailpipe pressure depends upon how 
close the frame assembly is to the rocking shaft; and, 
ав we have also noted, this depends upon the inlet 
pressure diaphragm. Note that che closer the frame 
assembly moves to the rocking shaft, the more the 
rocking shaft wil! be turned by a given amount of 
vertical displacement of the frame assembly. 


From the operational schematic, (figure 4-8), you can 
see that the indicator pointer movement is controlled 
Бу the tailpipe pressure and biased by che engine inlet 
pressure. By using consrant mechanical advantages at 
each of the mechanical links in the indicator, the 
direct reading indicator can show the ratio of the 


engine exhaust (tailpipe) pressure to the engine inlet 
pressure. 


There is one disadvantage in using a direct reading 
type of pressure ratio indicator; exhaust gases are 
piped directly into the cockpit of the airplane. A 
dangerous condition could result if the exhaust gas 
line were to leak in the cockpit area. To eliminate this 
possibility, a remote reading type of indicating system 
is installed in the later models of the F-102A. 


THE REMOTE READING PRESSURE 
RATIO INDICATOR SYSTEM. 


If you understand the operation of the direct reading 
type of indicator, you should have no trouble under- 
standing the remote reading type of indicator. It fur- 
nishes the same information to the pilot, and in a 
similar manner. The measuring mechanism, however, 
is mounted in the fuselage area between the two en- 
gine intake ducts. This measuring mechanism is called 
a transmitter, and it connects electrically to the remote 
reading indicator in the cockpit. As you will remem- 
ber from figure 4-1 іп this chapter, the remote reading 
pressure ratio indicator uses the same mounting hole 
on the instrument panel chat the direct reading indi- 
cator does. 


Тһе remove transmitter has two diaphragms just as che 
direct reading indicator does. Any pressure differences 
in either the engine inlet pressure or the exhaust pres- 
sure are sensed by these two diaphragms. But, instead 
of transmitting the movement of the diaphragm to 
the rocking arm and then to a pointer, the remote 
transmitter has a small synchronous motor which the 
sensing diaphragms control. 


According co the amount of diaphragm movement, the 
remote transmitter will send an electrical signal to the 
remote reading indicator in the cockpit. The indicator 
also has a synchro which is controlled by the signal 
from the transmitter, and it moves the indicator 
pointer an amount that is proportional to the amount 
of diaphragm movement in the transmitter. 


The Remote Pressure Ratio Transmitter. 


Figure 4-9 shows a side and end view of the remote 
pressure ratio transmitter assembly. Note on the end 
view that there are two tube fittings—one marked 
LOW and the other marked HIGH. The low-pressure 
Connection receives the inlet air pressure while the 
high-pressure connection receives the exhaust pres- 
sure. In the center, you can see che electrical receptacle 
that provides power to the synchro transmitter inside 
the transmitter assembly, and carries the output signal 
from rhe transmitter to the synchro receiver in the 
indicator. The pressure and electrical connections are 
all on the base of the unit, rather than on the trans- 
mitter itself, because the base is attached бстіу to air- 
craft structure and the transmitter is shock-mounted 
to the base. The curved tubes from the base to the 
transmitter carry the pressures to the transmitter case 
without interfering with the shock absorbing mount- 
ings. 


POWER PLANT 


HOW THE REMOTE TRANSMITTER PRODUCES 
А SIGNAL. Аз previously mentioned, the remote 
transmitter has two diaphragms inside an airtight case. 
One diaphragm is an evacuated bellows acted upon by 
inlet air pressure alone; the other diaphragm has ex- 
haust pressure inside and inlet air pressure outside. 
Ап increase or decrease in either of these pressures will 
tend to move the diaphragms. The movement of the 
diaphragms is passed through mechanical linkage and 
gears and results in the rotation of a rocking arm. This 
rocking arm is connected to the rotor of a synchro- 
transmitter inside the case. As the rocking arm is 
rotated, the rotor of the synchro-transmitter is rotated 
proportionally. 


The гогог is connected to an electrical source of power; 
and, as it is positioned within the stator windings, it 
will induce a specific current within each of the three 
windings. The rotor of the synchro-transmitter and 
the rotor of the synchro-receiver (in che indicator) are 
connected in series; and, as a result, both rotors will 
seek identical positions within their respective stators. 
This means that the same voltage is being induced into 
the stator of each of the transmitters. This, in effect, 
transmits an accurate indication of the ratio of pres- 
sures to che calibrated scale on the indicator dial. 


The Remote Reading Indicator, 


There are several differences between the remote indi- 
cator and the direct reading instrument, Note in figure 
4-10 that the dial of the remote indicator is calibrated 
for the same limits as the direct reading indicator, but 
it is positioned differently. There are two index mark- 
ers and two windows in the face of the dial. The read- 
ings in the small windows, and the position of the 
index markers, can be changed by the push-pull knob 
on the front of the indicator. 


When the knob is pushed in, it will turn the numbers 
in the lower window and reposition che lower index 
marker. When the knob is pulled out, it wil! turn 
the numbers in the upper window and reposition the 
upper index marker. The upper window and the 
marker indicate the cruise setting desired by the рог, 
while the lower window and marker indicate the take- 
off reading which should show during takeoff, These 
dials and markers are mechanically connected to the 
knob and manually set by it. They are in no way 
affected by the indicating mechanism inside the indi- 
cator that turns the pointer. 


Inside the indicator case is a synchro-receiver, a mag- 
netic amplifier, and a servo motor. The position of the 
synchro in the transmitter unit provides the signal to 
the indicator through an electrical connection in the 
rear of the indicator case. The signal positions the 
synchro-receiver which in turn sends a signal via the 
amplifier to the servo motor. The servo motor then 
turns the point shaft to deflect the pointer and indi- 
cate the pressure ratio. 
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Figure 4-9. Remote Pressure Ratio Transmitter 
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To set the remote indicator properly, the pilot of the 
F-102A must do two things. First, he contacts the 
control tower to get the existing temperature at the 
field and the estimated temperature at the altitude at 
which he intends to cruise. He then consults his per- 
formance charts to determine what che settings on the 
indicators should be for the two temperatures. When 
he turns the push-pull knob, the index marker and the 
numbers in the windows will show the same reading. 


You can see an example of these readings in figure 
4-10. Note that the upper index marker is between 2.5 
and 2.6 while the indication in its corresponding win- 
dow is the same, ог 2.55. Note also «бас the lower 
window shows a reading of 1.80 and that its index 
marker is at the corresponding position on the dial. 


'The windows serve only to give the pilot an accurate 
and simple method of telling what his index setting is. 
Note that the lower index (for takeoff) has a raised 
portion on one end. This is the most desirable position 
for the pointer during takeoff. However, it is safe со 
proceed with takeoff even if the needle goes beyond 
that point, or as long as it remains within the zone 
covered by the range marker. When the aircraft 
reaches the selected cruise altitude, the pointer should 
match the upper cruise index marker. The pilot then 
knows that his engine is performing efficiently. 


MAINTENANCE OF THE PRESSURE RATIO 
INDICATOR SYSTEM. 


Any troubles in the pressure ratio indicating system 
can usually be traced to a faulty transmitter, faulty 
indicator, or clogged sensing lines. When trouble 
shooting а malfunctioning indicating system, іг is best 
to first replace the indicator with a unit that is known 
to be serviceable. 1f the replaced indicator does not 
cure the trouble, the same thing should be done with 
the transmitter. When these two steps do not cure the 
trouble, you should then check the sensing lines to see 
whether they are clogged. This involves connecting a 
low-pressure air source to the sensing lines. It is pos- 
sible to damage some of the other components in the 
pirot-static system if the exact pressures and procedures 
are not used during the line check. Always refer to 
the F-102A Instruments Maintenance Handbook (Т.О. 
1Е-102А-2-9) whenever you troubleshoot the sensing 
lines. The last thing to check in the pressure ratio 
indicating system is the electrical wiring between the 
transmitter and the indicator. This can be done easiest 
by disconnecting the wiring from the transmitter and 
indicator, and then using a continuity light to check 
each wire for an open circuit or short to ground. 


AFTERBURNER EXHAUST NOZZLE 
POSITION INDICATOR SYSTEM. 


АП jet engines that have afterburners must have some 
means of controlling the opening at the engine exhaust 
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Figure 4-10. Remote Pressure Ratio Indicator 


nozzle. This control of the afterburner nozzle is neces- 
sary, because pressures and temperatures produced by 
the engine vary between normal burning and after- 
burning. Аз previously mentioned, the nozzle is closed 
during normal burning—that is to say, the opening is 
restricted. In this position, the exhaust opening is the 
best size to provide maximum exhaust velocity for the 
existing temperature and pressure conditions at the 
exhaust nozzle. ТЕ this opening is too large, the maxi- 
mum thrust cannot be developed by the engine. 


When afterburning is initiated, the temperature at the 
exhaust nozzle increases greatly. This temperature in- 
crease causes additional expansion of the exhaust gases, 
and if the nozzle opening is пос enlarged the pressure 
and temperature in the afterburner will become exces- 
sive. The J57 engine has an adjustable exhaust nozzle 
with an indicator to tel! the pilot whether the nozzle 
is in the open or closed position. This indicator is 
located on the right side of the instrument panel next 
to the pressure ratio indicator. 


THE EXHAUST NOZZLE POSITION INDICATOR. 


Тһе exhaust nozzle position indicator is a simple in- 
strument. It consists of two solenoids which rotate a 
spring-centered, three-position card within a small 
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Figure 4-11, Afterburner Exhaust Nozzle Position Indication Circuit 


sealed case. A window in the front of the case shows 
one of the three positions of the card. 


There are three indications which the exhaust nozzle 
position indicator can give; the one which appears in 
the window at any particular time depends upon 
whether one of the two solenoids is energized or 
neither solenoid is energized. In figure 4-11 you can 
see the three types of indications and the correspond- 
ing electrical schematic that causes each of them to 
appear. Note that there are two switches in the system, 
only one of which can be actuated at any particular 
time, In the left diagram, you can see how the open 
solenoid is energized when the left switch is closed. 
The circuit is completed to ground from the airplane’s 
28-volt, d-c system, represented by emf (electromotive 
force). The middle diagram shows both switches open, 
so neither solenoid is energized. The diagonal lines 
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(barber-pole) appear on the dial because a spring holds 
the rotating card in the center position. This indication 
appears when both switches аге open or when power 
failure occurs. In the third diagram, the circuit is com- 
pleted through the other switch energizing the closed 
solenoid. The CLOSED indication will appear as long 


as that switch is closed and the power supply is not 
interrupted. 


HOW THE SYSTEM OPERATES. 


The two switches are attached to the right side of the 
engine just below the compressor bleed valve. As you 
can see їп figure 4-12, two cables connect the switch 
to the nozzle positioning cylinders. The upper cable 
is the nozzle position cable; the lower cable is a tem- 
perature compensating cable. Both are attached to 
spring plates in che switch assembly and serve to 
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Figure 4-12. Afterburner Exhaust Nozzle Position Switches 


rotate a cam. The enlarged view of the switch assembly 
shows how the cam actuates the switches. 


Моге that figure 4-12 shows the actuating arm of the 
closed switch depressed by the cam. With the switch 
in this position, the circuit of the indicator is ener- 
gized as shown on the right view of the electrical 
Schematic which was just discussed and the CLOSED 
reading shows ia the window. The dotted line showing 
the outline of the cam shows where the cam stops 
when the afterburner nozzle is open. This position 
results іп an OPEN indication because the оре» sole- 
noid is energized. 1t should be obvious from the illus- 
cation that both switches are open momentarily as the 
cam rotates from one switch to che other. Thus, the 
"barber-pole" shows on the indicator very briefly each 
time the afterburner nozzle is opened or closed. 


You should keep іп mind that the switching mecha- 
nism does not open or close the afterburner; that oper- 
ation is accomplished automatically when fuel pres- 
sure in the afterburner fuel control reaches certain 
limits. The sole purpose of the switch is to energize 
the correct indicator solenoids ас the correct time. 


HOW THE SYSTEM 15 RIGGED. 


From time to time, it becomes necessary to rig a cable- 
operated system. The afcerburner position indicator 


system 15 no exception. Changing of a component in 
the system, a faulty indication іп the cockpit, or a 
broken cable із sufficient reason to re-rig the system. 
First of all—what is rigging? Rigging is the act of 
making a series of adjustments to a mechanical ог 
electro-mechanical system so that it will perform its 
function properly. In the afterburner position indi- 
cator system we adjust two turnbuckles (and, if neces- 
sary, the two switches) to achieve this goal. 


To rig the system properly, we must have an SE-0947 
rigging gage. Two models of the rigging gage are 
used: the J57-P-41 engine uses an SE-0947 gage, while 
the J57-P-23 engine uses an SE-0947-801 gage. They 
are quite similar and perform exactly (һе same func- 
tion. The only difference between the two tools is that 
their methods of attachment to the engine differs. 
The gage should be attached to the position indicator 
switch mounting bracket as shown in view B of figure 
4-13. As you will note, the gage has a movable pointer, 
a scale, and two rig pin holes. The rig pin holes (wich 
rig pins installed) are used to keep the correct preload 
on both the cam and switch plate return springs. Тһе 
dial indicator tells you whether you have changed your 
rigging while tightening the cables. If the rigging 
has been changed, the pointer will be pulled away 
from its index (zero) point. The switches are adjusted 
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Figure 4-13. Rigging the Afterburner Exhaust Position Indicator System 
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by moving them physically—that is, che entire switch 
is moved either closer to or farther from the oper- 
ating cam. 


These instructions are for familiarization purposes 
only and are not intended as instructions for rigging 
the system. For specific rigging instruction, refer 
to your Power Plant Maintenance Handbook, T.O. 
LF-102A-2-4. 


MAINTENANCE OF THE AFTERBURNER 
POSITION INDICATOR SYSTEM. 


Usually, any trouble encountered in the afterburner 
position indicator system can be immediately corrected 
by the rigging process just mentioned. However, if 
the rigging of the system is satisfactory, the indicator 
itself should be checked against a known satisfactory 
unit. In case the trouble still exists, a continuity check 
of the wiring should isolate the trouble. 


EXHAUST TEMPERATURE INDICATOR. 


The exhaust temperature of a jet engine, like the cyl- 
inder head temperature of a reciprocating engine, is a 
good indication of the over-all operating temperature 
of the engine. By way of further comparison, the jet 
engine exhaust temperature indicator is very similar 
to the instrument used to measure the cylinder head 
temperatures of piston engines. Both are thermocouple 
thermometers which measure the difference between 
electrical potentials of two metals in contact with each 
other. Figure 4-14 shows the exhaust temperature indi- 
cator and one of the four thermocouples used in the 
Е-102А exhaust temperature indication system. 


THERMOCOUPLES. 


A thermocouple is a combination of wires, each wire 
made of a different metal with each having a different 
electrical potential. ЇЁ two such wires аге connected 
together at one end and that junction point is heated 
above the ambient temperature of the opposite end 
of each wire, the joined wires become a source of 
electricity, che potential of which varies with the rem- 
perature. This physical phenomenon, known as ther- 
mo-electric effect, is the principle behind every 
thermocouple. 


The thermocouples used in the exhaust temperature 
indicating system are made of chromel-alumel mate- 
rial. They are mounted in probes which project into 
the tailpipe section of the engine just aft of the cur- 
bines, and are approximately 90? apart. The thermo- 
couples are connected in parallel with each other by 
leads made of chromel and alumel material. 


THE EXHAUST TEMPERATURE INDICATOR. 


The temperature of the thermocouples is shown on 
the dial of the indicator in degrees centigrade—the 
scale is calibrated from 0? to 10009. As you can see in 


POWER PLANT 


THERMOCOUPLE 
) пороша 


ALUMEL 
REAR VIEW 


EXHAUST TEMPERATURE INDICATOR 


BIMSII9IA 


Figure 4-14. Exhaust Temperature Indicator and 
Thermocouple 


figure 4-14, there are no external controls or adjust- 
ments on the indicator. Internally, the indicator con- 
sists primarily of a moving coil mounted on pivots 
within a curved permanent magnet. Rotation of the 
coil is limited by two springs, one on each end of 
the coil. A pointer moves with the coil to show the 
temperature indication. The entire indicator is sealed 
and filled with helium. 


Now take a look at the schematic illustration (figure 
4-15). Note that the leads from the thermocouples 
connect to the coil through the springs, making a 
complete circuit. As you know, when current flows 
through a conductor, such as this coil, a magnetic 
field is set up. This magnetic field around the coil has 
both strength and direction, just as the field around a 
permanent magnet. 


Note also that the coil is situated directly between the 
ends of the curved permanent magnet. The magnetic 
flux around such a magnet is concentrated between the 
two ends or poles. Thus, the coil tends to take a defi- 
nite position between the ends of the permanent mag- 
ner. As you already know, like poles repel and unlike 
poles attract, so the coil tends to turn until each of its 
poles is close го the opposite pole of the permanent 
magnet. 
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Figure 4-15. Exhaust Temperature Indicator 
Operational Schematic 


If there were no restraining springs, the coil would 
always line up perfectly (with the poles in the normal 
relative positions) whenever there was a temperature 
difference between the “hot” end (thermocouple) and 
the “cold” end (indicator) of the system. Obviously, 
such an indicator would be of no value since it would 
always read the same, By the use of springs of the 
correct tension, the coil is permitted to move only an 
amount proportional to the strength of the magnetic 
field around it, which, as mentioned earlier, varies 
with the temperature differential. 


Temperature Compensation. 


The coil springs just discussed also serve another pur- 
pose; they are cemperature compensators, The amount 
of rotation of the coil depends on the strength of 
its magnetic flux, which in turn is proportional to the 
difference in temperature between the thermocouple 
and the indicator, But that isn’t exactly what we want 
to know. If the exhaust temperature is 600°C, we want 
the indicator to say 600°C, regardless of the tempera- 
сиге in the cockpit. 


You can see chen that the indicator must be set to 
read the cockpit temperature first so that the addi- 
tional rotation of the coil will cause it to read actual 
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exhaust temperature. The springs accomplish this for 
us because they are made from laminations of dif- 
ferent metals which react differently to temperature 
changes. 


Figure 4-16 shows how these bimetallic springs work. 
Note that the strip of brass in the laminated metal 
expands more than the strip of iron when heat is 
applied, causing the laminated strips to bend. In the 
same manner, the springs in the exhaust temperature 
indicator tighten up or straighten out with changes 
in cockpit témperature. In this way the coil, and 
therefore the pointer, are rotated to indicate the cock- 
pit temperature. 


'The additional rotation, caused by the difference in 
temperature between the indicator and thermocouple, 
brings the pointer to a position proportional to the 
tota] exhaust temperature. Thus, the indicator pointer 
reflects the total of the temperature at the indicator, 
plus the difference between the temperatures at the 
indicator and the thermocouple. If you disconnect the 
thermocouple leads the indicator will show the ap- 
proximate cockpit temperature. 


Another temperature compensation problem results 
from the variations in electrical resistance of most 
metals with temperature changes. At a given tempera- 
ture difference, the voltage generated in the circuit 
will produce a current inversely proportional to the 
resistance (Ohm's law). For any particular tempera- 
ture difference between the "hot" and "cold" ends 
of the system, the current must always be the same. 
Therefore, а “neutralizer” is included in the indicator. 
This neutralizer is a resistor in which the resistance 
becomes less as the temperature increases, In that way 
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Figure 4-16. Effect of Temperature Changes on 
Bimetallic Strip 


it keeps the total resistance of the system constant 
for any temperature difference. 


SYSTEM CALIBRATION PROVISIONS. 


We have discussed the importance of keeping the 
resistance of the system completely constant so the 
indicator will receive the right amount of current and 
give a correct indication. There are several things that 
might alter this resistance and consequently affect the 
accuracy of the indication. For example, if you re- 
place any of che components of the system, as would 
happen when you change engines, there could be a 
slight change in the resistance. Even changing a сег- 
minal on the leads could alter the resistance. There- 
fore, а calibrating resistor is included in che system 
and is located on the right side of the cockpit above 
the master warning control box. You can use an ordi- 
nary Wheatstone bridge-type of tester to determine 
the correct adjustment of the resistor. 


А special testing unit (SE-0783) is required to cest the 
accuracy of the complete system. This test unit oper- 
ates on a 115-volt, 60-cycle power source. You will 
посе in figure 4-17, that the test unit has a lead in- 
corporating a probe heater with an extension handle. 
The calibration and functional check of the system 
is made by heating each probe individually and check- 
ing the temperature indication in che cockpit against 
the reading of the test unit. When each probe has been 
checked individually, probes should all have heaters 
installed and the complete system checked against the 
test unit. ТЕ this indication is not within -=10°C of 
the indication on the test unit, the system must be 
calibrated. This is accomplished by adjustment of 
the calibrating resistor in the cockpit. 


FUEL FLOW INDICATING SYSTEM. 


Any large jet engine uses tremendous quantities of 
fuel. The rate at which the engine uses fuel varies 
greatly, depending upon the power lever setting. Since 
airplane space and weight restrictions limit the amount 
of fuel that can be carried, the jet pilot is always 
vitally concerned with how fast the fuel supply is 
being consumed. Without this information, he cannot 
estimate accurately how long he can stay away from 
his base. 


Тһе rate of fuel consumption is also an indication of 
the efficiency of the engine. For these reasons, the 
Е-102А uses a fuel flow indicating system. The two 
main components in the indicating system are shown 
in figure 4-18. The transmitter is mounted on the 
engine, while «һе indicator is situated on the engine 
instrument. portion of the instrument panel. 


THE FUEL FLOW TRANSMITTER. 


The transmitter for the fuel flow indicating system is 
atrached to the righr side of the engine, adjacent to 
the oil pump and accessory drive housing. It is located 
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in the main fuel line between the fuel control unit 
and the fuel oil cooler. Ап a-c synchro-transmitter is 
contained within the transmitter unit co send signals 
to the fuel flow indicator in the cockpit. 


From the discussion of the pressure ratio indicator, you 
should be familiar with how the synchro-transmitter 
position of this component operates, so just the me- 
chanical portion will be discussed here. The орега- 
tional schematic in figure 4419 will help you to 
see how the flow transmitter operates. Fuel flowing 
through the transmitter enters the port on the right 
and leaves through the port on the left, as shown by 
the arrows. Notice that a hub, with a vane projecting 
above it, is mounted in the flow area. А spring within 
the hub resists the force of the fuel flow, and tends 
to keep the vane in the upstream position at all times. 
Тһе actual position taken by the hub and vane assem- 
bly depends on the rate of flow of the fuel which sur- 
rounds it. Therefore, we can call the vane and hub 
assembly the gage unit of the fuel flow transmitter. 
Now, let's follow the train of action to see how the 
position of the vane and hub is carried to che synchro. 


How the Transmitter Produces a Signal. 


Notice in figure 4-19 that there is по direct mechanical 
connection between the gage unit, which does the 
measuring, and rhe transmitting unit, which signals 
the indicator in the cockpit. The shaft of the hub is 
not geared to the sector shaft. Instead, a permanent 
magnet on the hub shaft surrounds a permanent bar 
magnet which drives a pinion gear. The relative posi- 
tions of these magnets will tend to stay the same; 
when the gage unit rotates che ring magnet, the bar 
magnet turns with it so that the opposite poles of 
the two magnets are always lined up. You can see 
then how the reaction of the bar magnet and pinion 
to the movement of the ring magnet will move the 
sector shaft and drive the synchro. This method of 
driving the synchro permits che electrical part of the 
fuel flow transmitter to be isolated from the fuel- 
carrying part. 


THE FUEL FLOW INDICATOR. 


The fuel flow indicator is calibrated to show the rate 
of flow from 0 to 12,000 pounds per hour. As you have 
seen in the illustration of the flowmeter (figure 4-18), 
the dial is graduated every 100 pounds up to 3000 
pounds, and in 1000 pound increments from 3000 to 
12,000 pounds. 


Since the fuel flow transmitter positions a transmitting 
synchro, it should be obvious that the indicator is 
a synchro instrument containing a synchro-receiver. 
Power со operate this synchro system comes from the 
airplane's 26-volt, 400-cycle, a-c electrical source. You 
have already learned the fundamentals of the synchro- 
receiver, so further details on this receiver will not 
be discussed. 
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Figure 4-17. Exhaust Temperature Indicator System Test and Calibration 
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Figure 4-18. Fuel Flow Indicator and 
Transmitter 


Maintenance of the System. 


If you should have any reason to doubt the accuracy 
of the indicator, disconnect che transmitter and plug 
the leads into a master syachro-transmitter. If the in- 
dicator pointer smoothly follows the movement of 
the test transmitter, the trouble lies in the airplane's 
fuel flow transmitter. There are no external provisions 
for adjusting either the indicator ог the transmitter, 
so you must replace the faulty unit. 


THE POWER PLANT WARNING SYSTEMS. 


Тһеге are five individual warning systems for the )57 
jet engine. These include the structural overheat, fire 
detector and overheat, fuel pump, oil pressure, and 
engine anti-ice warning systems. If you consider the 
meaning of the name "warning system," you will 
realize that these systems merely notify the pilot of 
the dangerous conditions in the power plant. The 
pilot himself must take the corrective action to elimi- 
nate the condition or to protect himself and the air- 
plane from any possible danger. 


, The warning lights for all of the warning systems in 


the Е-102А are centrally located in one master warning 
light panel. The panel, consisting of 16 different lights, 
is located on the right side of the pilot's inscrument 
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panel. The warning lights are numbered from 1 
through 16. In addition to its number, each light also 
has the system or function name stencilled on the 
lens. These names are not visible, however, unless the 
bulbs in back of the warning light lenses are illumi- 
nated. 


In addition to the 16 individual warning lights, the 
F-102A also hasan amber-colored master warning light. 
This master light is located оп the upper right side 
of the main instrument panel. When any condition in 
the airplane causes one of the 16 warning lights to 
light up, the master warning light also comes on. Since 
the master light is located directly in front of the 
pilot, it attracts his attention more quickly than the 
individual lights. It notifies him to check the in- 
dividual lights on the warning light panel. 


After the pilot has taken the necessary corrective ac- 
tion, he can press the RESET switch on the right con- 
trol console. This switch extinguishes the master warn- 
ing light. If another of the 16 warning lights should 
come on, the master warning light will light up again. 
Тһе pilot then determines which warning light is 
on, takes the necessary corrective measures, and then 


presses the RESET switch again. 
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Figure 4-19. Fuel Flow Transmitter 
Operational Schematic 
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Figure 4-20. Structural Overheat Warning System Schematic 


The power plant warning systems use the warning 
lights numbered 1, 4, 5, 7, and 8. Each of che power 
plant warning systems will be discussed individually 
in the following sections of this chapter. 


THE STRUCTURAL OVERHEAT WARNING SYSTEM. 


"The structural overheat warning system uses the first 
(top) warning light on the warning light panel. This 
warning system notifies the pilot of excessive heat 
conditions in the fuselage structure at station 614.00 
or the area just ahead of the tail cone fairings., 


Тһе detecting device for the structural overheat sys- 
tem is а mercury-operated temperature sensing switch 
which is attached directly to the fuselage structure. 
Only that portion of the switch which touches the 
fuselage structure is sensitive to temperature changes. 
This limits the switch to sensing structural сетрега- 
tures only. The switch is preset to actuate whenever 
the structural temperatures rise above 2459Е, 


When the switch із actuated, both the master warn- 
ing and structural overheat warning lights come on. 
These lights notify the pilot that a power reduction 
should be made and a reduced-speed flight condition 
established until the temperature decreases. If the 
system warning lights come on during ground run-up, 
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you should shut the engine down immediately and 
investigate the condition. 


Figure 4-20 shows the electrical schematic of the 
structural overheat warning system. Note that the 
current is taken from the 28-volt 4-с essential bus. 
The five-amp, push-pull type circuit breaker, which 
protects the circuit from current overloads, is locared 
on the main wheel well circuit breaker panel. Follow- 
ing the current from the essential bus and the circuit 
breaker, nore that it travels to the switch. When this 
switch is actuated by an overheat condition, che сиг- 
rent will flow to che master warning box where it 
causes the master warning light to illuminate, and 
then on the individual system warning light. Тһе 
structural overheat warning system as described above 
is used on the very early models of the F-102A. 


THE FIRE DETECTOR AND 
OVERHEAT WARNING SYSTEM. 


The fire detector and overheat warning system, as its 
name implies, does two things—it notifies the pilot 
of an engine overheat condition and notifies him of a 
fire condition. Although each section of che warning 
system does just one job, both sections use the same 
warning light in the cockpit. By routing the electrical 
signal from the overheat circuit through a flasher, 


the warning light is made to flash оп and off when- 
ever an engine overheat condition exists. In the event 
of fire, the warning light will come on and burn 
steadily. 


You should not confuse the engine overheat warning 
system wich the structural overheat warning system. 
As just mentioned, the structural overheat warning 
system is used on just the very early models. The fire 
detector and overheat warning system, described in 
the following paragraphs 25 used on ай! models. 


Both the overheat and the fire warning sections of the 
warning system use detector loops. These detector 
loops are the temperature sensing elements of the 
system. The loops are actually a type of coaxial cable 
with electrical connecting fittings оп each end. The 
cables are constructed of an inner electrical conductor 
within an outer sheath of corrosion-resistant alloy. 


'The space in the cable between the inner conductor 
and the outer covering contains a thermistor-type heat- 
sensitive compound. The electrical resistance of this 
heat-sensitive compound varies inversely to the tem- 
perature. Under normal operating conditions the com- 
pound acts as a good insulator; but when a "hot" spot 
develops anywhere along the detector cable, the re- 
sistance of the compound drops and allows current to 
flow from the inner conductor to the outer portion of 
the coaxial cable. This completes the detector circuit 
to ground and the warning light comes on. 


How the Fire Detector and Overheat 
Warning System Operates. 


Figure 4-21 shows where the components of the warn- 
ing system are located in (һе airplane and how the 
system operates. Note in the upper portion of che 
illustration that the overhear detector loop and the 
fire detector loop are situated in different sections of 
the engine compartment. The detector relays, che over- 
heat flasher, and the detector control boxes are lo- 
cared in the upper electronics compartment. 


То get a good idea of how the warning system oper- 
ates, let us trace the current flow in the schematic in 
the lower portion of figure 4-21. The current for che 
warning system, like all of che other warning systems, 
is taken from the 28-volt d-c essential bus. After ic 
passes through the.push-pull 5-amp circuit breaker, 
the current flows to the two detector control boxes 
and to the junction point of the two relays. Note that 
the warning lights must receive their current from 
either one of the detector control boxes before the 
lights will illuminate. However, the contro! boxes 
cannot send current to the lights until che warning 
light circuit is grounded ac some point. 


Іп the preceding section, you learned that the detector 
loops ground out whenver they are subjected to a 
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"hot" condition that lowers the internal resistance of 
the detector loops. Whenever one of the cables grounds 
out, its detector control box circuit will be completed, 
and current will flow to the lights. If the overheat 
loop is subjected to the "hot" spot, the current from 
the overheat detector control box has to flow to the 
overheat detector flasher before it passes on to the 
warning lights. This causes the warning light to flash 
on and off during the overheat condition. Since the 
fire detector circuit does not have a flasher unit, a 
fire condition causes the warning light to burn steadily. 


The test switch, shown in the right hand portion of 
the electrical schematic, will allow you to ground 
check the warning system without heating any part 
of the coaxial cable detector loops. This switch is 
located to the left and above the tachometer. A small 
test light is mounted on the right side of the rest 
switch. The test switch does the same job that the 
detector loops do during an overheat or fire condition 
—it grounds the circuit and allows the respective con- 
trol box го send current to the warning lights. By posi- 
tioning the switch to either (һе FIRE or ОУНТ posi- 
tion, «һе pilot can determine whether the warning 
systems are functioning properly. 


Maintenance of the Fire Warning 
and Overheat Warning System. 


Malfunctions developing in this warning system may 
stem from the control boxes or the detector loops. 
Both the boxes and the loops are delicate units and 
can be damaged during installation by rough ham 
dling or improper installation. Because of the nature 
of this warning system, che only indications of any 
malfunction will be the warning light coming on 
when neicher an overheat or fire condition exists, or 
the lights not coming on when the undesirable con- 
ditions do exist. 


From the discussion of how the warning system op- 
erates, you should know that a premature warning 
light indication is caused by some part of the detect- 
ing circuits shorting out to ground. The easiest way 
to determine whether the control boxes or the detector 
loops are defective is to replace the control box with 
a unit chat is known to be good. If the substitute con- 
trol box does not cure the difficulty, you will have 
to check all of the detector loops for possible breaks 
or loose electrical connectors. No rework is allowed 
on any of the loop segments, so you will have to re- 
place any defective detector loop with a serviceable 
item. 


THE ENGINE FUEL LOW-PRESSURE 
WARNING SYSTEM. 


The engine fuel low-pressure warning system notifies 
the pilot when sufficient fuel pressure is not being 
supplied by the main engine stage of the fuel pump. 
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Fire Detector and Overheat Warning System Schematic 


Figure 4-21. 
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Figure 4-22. Engine Fuel Pump Low-Pressure Warning System 


Тһе system consists of a warning light on the warn- 
ing indication panel, and a pressure switch on the 
lower left side of the oil pump and accessory drive 
housing of the engine. А pressure sensing line is in- 
stalled between the switch and the pressure side of the 
fuel pump engine stage. Note in figure 4-22, chat when 
fuel pressure drops in the fuel pump outlet line, the 
pressure warning switch closes and allows current 
from the 28-volt d-c essential bus to illuminate the 
warning light in the cockpit. As you can see in the 
illustration, the pressure warning switch is operated 
by the sensing bellows. Fuel pressure is routed to the 
outside of the bellows and forces the switch to open. 
The switch is shown in the open position in the sche- 
matic (figure 4-22). When the fuel pressure is low or 
when the engine is shut down, the sensing bellows 
expand and close the switch. This allows current to 


flow from terminal B to the master warning box and 
then to the engine fuel pump warning lights. 


The warning lights will always come on when the 
engine is first being started. After the engine has at- 
tained starting speed, however, the fuel pump will 
put out sufficient pressure to force che bellows to open 
the switch and the lights will go off. The sensing 
bellows of the pressure switch are set to open the 
switch before the fuel pressure reaches 125 psi and 
to close the switch when the pressure drops below 


105 psi. 
Maintenance of the Fuel Low-Pressure 
Warning System. 


You will find that the maintenance requirements on 
the fuel low-pressure warning system will be about 
the same as the requirements оп che other warning 


101 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


systems. You should keep in mind, however, that the 
warning lights will light temporarily when the engine 
is being started. After the engine has attained idling 
speed, the lights should go off if the warning system 
is functioning properly. 


The malfunctions of the warning system will include 
premature lighting of che warning lights or the lights 
will not illuminate at all. As you have nored in figure 
4-22, the warning lights are supplied current when- 
ever the pressure switch closes. When you trouble 
shoot a malfunctioning fuel low-pressure warning sys- 
tem, always check the light bulbs first. ЈЕ chey are not 
burned out, you will probably find it best to replace 
the pressure switch with a serviceable unit. Although 
this is not actually trouble shooting the warning sys- 
tem, the ease with which the switch can be replaced 
makes this a simpler remedy than checking the en- 
tire circuit with a continuity light or voltmeter. If re- 
placing the switch does not correct the trouble, how- 
ever, you will have to check our the entire circuit for 
an open or broken lead, or a short to ground. If the 
warning system still malfunctions after completing 
the circuit trouble shooting, the trouble lies in the 
fuel pump, and this requires replacing the pump. 


THE ENGINE ОП LOW-PRESSURE 
WARNING SYSTEM. 


The engine oil low-pressure warning system notifies 
the pilot whenever the engine oil pressure drops below 
36 psi. The warning lights will go off when the oil 
pressure raises back to 40 psi. The pressure switch, 
which detects the oil pressure, is mounted on the 
left side of the engine just aft of the oil tank. 


You will note in figure 4-23 that the oil low-pressure 
warning system is almost identical то the fuel pump 
low-pressure warning system. А$ you might well imag- 
ine, this warning system operates in the same manner. 


Whenever the oil pressure drops below the 36 psi level, 
current from the 28-volt d-c essential bus will flow 
through the 5-amp push-pull type circuit breaker, pass 
through the pressure switch, and then illuminate the 
warning lights in the cockpit. When the oil pressure 
increases to 40 psi, the reverse situation takes place. 
The pressure switch is forced open by the oil pressure, 
and this breaks the warning light circuit. When this 
occurs, the warning lights go out, 


If the oil low-pressure warning system should mal- 
function, you will find it best to follow the same 
procedure given for trouble shooting the fuel pump 
low-pressure circuit. After checking the warning light 
bulbs and the circuit breaker, replace the pressure 
Switch. The last thing to do is trouble shoot the 
entire circuit with a continuity light or voltmeter. 
If the malfunction still persists, however, you will 
have to remove and replace the engine oil pump with 
a serviceable unit. 
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THE ENGINE INTAKE ANTI-ICE 
WARNING SYSTEM. 


Тһе engine intake anti-ice warning system notifies the 
pilot whenever the engine anti-ice system malfunc- 
tions, Icing is a very serious matter on any part of 
the airplane, especially in the engine air intake area. 
"Therefore, it is imperative that the engine intake anti- 
ice warning system operates properly. 


Тһе Е-102А uses hot air taken from the engine com- 
pressor section to heat the inlet duct guide vanes and 
the accessory fairing area. The anti-icing air flow is 
controlled by electrically-actuated valves and regu- 
lators installed in each of the lines, 'The valves operate 
in conjunction with the anti-icing control system. 
When the valves are open, heated air flows into the 
engine inlet guide vane manifold. The heated air 
then passes inward through the double-walled ac- 
cessory fairing and vents out the cap of the fairing. 


How The Anti-Ice Control System Operates. 


Before you can understand the operation of the en- 
gine intake anti-ice warning system, you must know 
how the anti-ice system operates when it is function- 
ing normally. Therefore, we will analyze the circuits 
shown in figure 4-24 and follow the operation of the 
control system. This schematic shows the system as it 
would be during flight under "no-ice" conditions. 


First, locate the ice detector assembly and the interpre- 
ter assembly. These two assemblies are the heart of the 
engine anti-ice control system. The detector assembly 
detects the presence of ice in the engine intake duct 
and then signals the interpreter assembly. The tnter- 
preter assembly energizes the anti-ice control relay 
which in turn actuates the anti-ice system. 


Тһе anti-ice system із controlled electrically by а 
three-position switch in the cockpit. This is shown in 
the lower part of figure 4-24. Note the three positions 
—AUTO, МАМ, and OFF. First, let's see how the sys- 
tem works when the anti-ice switch is іп AUTO. 
Note the 10-amp anti-ice power circuit breaker. АП 
power for the detector and interpreter comes from the 
28-volt 4-с essential bus through the 10-amp anti-ice 
power circuit breaker. The current flows from the cir- 
cuic breaker, through the ignition power relay, and 
then to the connection А1 on the interpreter assembly. 
Тһе ignition power relay із energized only when the 
engine is being started. Consequently, the connection 
at АТ is always connected directly to power (across 
2 and 3 as shown in the schematic) except during 
engine starting. 


Following current flow А1, note that it travels through 
the switch in the ice detector assembly. Since a "no-ice" 
condition exists, the current flows back to Аб in the 
interpreter assembly. Note that relay КІ is connected 
to Аб and also to ground. Therefore, relay R1 is en- 
ergized when the detector switch is in the "no-ice" 
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Figure 4-23. Engine Oil Low-Pressure Warning System Schematic. 


position. Relays R3 and К4 are connected to B3 and 
contact C on the detector switch. These relays are de- 
energized in the "no-ice" condition as shown in the 
schematic. Since R2 is energized only when R4 is ener- 
gized, R2 is also deenergized in the "no-ice" condition. 


From the preceding discussion, you should have a gen- 
eral idea how the circuit functions when there is no 
ice in the detector tube. 


Now, let's see what happens when the detector probe 
ices up. When the ice condition occurs, the detector 
switch closes. The operation of this switch is de- 
scribed later. Remember that Аб is connected to A1 
through the switch in the КІ relay; therefore, B3 now 
has current since іс is connected to AG through С, B, 
and B2. Relays R3 and R now energize. This se- 
quence results in the probe heater being connected to 


power through АЇ, the R3 relay switch and B4. The 
R2 relay and the heater at relay R1 are energized 
through КА. The R2 relay closes its switch to furnish 
a ground to the anti-ice control relay which then 
receives current from the 28-volt 4-с bus through the 
5-amp апгі-ісе control circuit breaker. The anti-ice 
control relay then closes to energize the anti-ice system. 


The anti-ice system receives its power through the 
5-amp anti-ice control circuit breaker. Аз the probe 
heater heats up, it melts the ice in the probe and the 
detector switch returns to the "no-ice" position. Relays 
R2, R3, and R4 deenergize, and the probe heater and 
the R1 relay heater are disconnected from power. 
Although the mechanical time delay at relay R2 is 
deenergized, it does not open at this time. This relay 
contains a clock mechanism that keeps the switch 
closed uncil 60 seconds after the relay has deenergized. 
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Figure 4-24. Engine Intake Anti-Icing Warning System Schematic 


T04 


This delay feature insures that «Бе anti-ice system will 
stay on long enough to do some good even though the 
detector switch returns to the "no-ice" position after 
just a few seconds. 


How The Anti-Ice Warning System Operates. 


Normally, the probe heater will melt the ice at the 
probe and return the probe switch to the "no-ice" posi- 
tion within 17 to 20 seconds. If it does not, it indi- 
cates that the detector is malfunctioning. To дееп- 
ergize the relays during a malfunction and to keep 
the probe heater from overheating the probe, are the 
functions of the thermoswitch at relay R1. About 17 
to 20 seconds after the detector switch moves to the 
ice position (across В and C) the КІ relay heater will 
cause the thermoswitch to heat up enough to break 
the circuit to R1 relay. The КІ relay switch will then 
open and Аб (also B) will no longer be connected to 
power. Since B3 is connected to B2 across the detector 
switch (at B and C) the R2, R3, and В4 relays will de- 
energize and the probe heater and che R1 relay heater 
will be disconnected. Sixty seconds later, the switch 
at the R2 relay will open the circuit to ground across 
2 and 3; the anti-ice control relay will deenergize; and 
the anti-ice system will shut down. 


Malfunction of the detector destroys the effectiveness 
of the automatic control system and the ani-ice sys- 
tem will not operate. If the pilot is informed of the 
malfunction, he сап move the АМТІЧСЕ switch to 
MAN, thus grounding the anti-ice control relay. The 
anti-ice system will then operate until he moves the 
switch to OFF. Informing the pilot is the job of the 
anti-ice warning system. The warning lights on the 
right-hand auxiliary instrument panel illuminate and 
warn the pilot of the malfunction. These warning 
lights come on when the master warning box is en- 
ergized. You can see in the schematic (figure 4-24) 
that the warning box is connected to contact 3 on the 
ice detector indicator relay. When the relay is еп- 
ergized, contact 3 will not be connected to power. 
Notice that the relay is connected to point A6 on the 
interpreter assembly through the anti-ice switch when 
it is at AUTO. 


Now as we noted earlier, А1 is normally powered and 
A6 is normally connected to AI (power); therefore, 
the detector indicator relay is normally energized ex- 
cept when the engine is being started and the ignition 
power relay is energized. The warning light will be 
on during a malfunction of the detector or interpreter 
assembly or when the anti-ice switch is at OFF. As you 
will learn. below, che warning light will also be on 
when the switch is at AUTO 2] the air stream velocity 
in the engine intake duct ís less than about 40 knots. 


Ice Detector Assembly. 


The ice detector assembly is mounted in rhe upper 
part of the engine air intake duct. The assembly con- 
sists of a probe and a main housing or case, with a 


POWER PLANT 


pressure diaphragm inside the case. The chamber on 
one side of the diaphragm is connected to openings 
on the upstream side of the probe, while the cham- 
ber on the other side senses pressure from openings 
on the downstream side of the probe. When che air- 
plane is moving, the upstream pressure will exceed 
downstream pressure. The diaphragm controls the ice 
detector switch. When the airstream is moving at less 
than 40 knots, the pressure differential across the dia- 
phragm is not enough to move the switch to the "no- 
ice" position. If the ANTI-ICE switch is in AUTO 
at this time, the АМТІ-ІСЕ warning lights will illumi- 
nate. This does not necessarily indicate a malfunction. 
Тһе warning lights should go out as soon as the air- 
stream exceeds 40 knots. 


When the airstream exceeds 40 knots, the pressure will 
force the switch to the “no-ice” position. However, if 
ice blocks the probe intakes, the pressure difference 
across the diaphragm will drop and the switch should 
move to the "по-ісе" position. If the probe intakes 
should become clogged and will not open after 17 to 
20 seconds, the interpreter will turn off the probe 
heater and the detector will be inoperative until the 
probe openings are no longer blocked. The heater in 
the detector case keeps the case warm to prevent con- 
densation of moisture. The chermoswicch in the heater 
line interrupts the current со the heater when the tem- 
perature reaches a certain point. This heater will ob- 
viously cycle off and on continuously. 


The detector assembly is a rather sensitive item, and it 
is better not to attempt maintenance on it without 
complete information. If the probe becomes clogged 
or otherwise becomes defective, replace the assembly 
with a new unit. If you must repair it, be sure to con- 
sult the technical order covering this component. 


Maintenance Of The Engine Intake 
Anti-Ice Warning System. 


From reading the preceding description of che engine 
anti-ice and anti-ice warning system, you should un- 
derstand that a thorough comprehension of how the 
warning system operates cannot be had without first 
understanding the electrical wiring diagram of the 
anti-ice system itself. The maintenance requirements 
for the warning system will be somewhat more diffi- 
cult chan the requirements for the other engine warn- 
ing systems. When the pilot reports that the anti-ice 
warning system is malfunctioning, however, trouble- 
shoot the circuit with che same technique (һас you use 
on other circuits. Always start with the most logical 
trouble sources and end with the least likely. After 
assuring that the warning light bulbs, circuit breakers, 
and switch are functioning satisfactorily, check the 
electrical circuit with a уоістесег, Keep the electrical 
power ON. This type of trouble shooting will isolate 
the component that is malfunctioning. Апу inopera- 
tive component must be replaced with a serviceable 
item. 
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SUMMARY. 


This Training Supplement has presented you with a 
general review of jet engine principles and described 
the )57 turbojet engine as it is installed in the F-102A. 
After reviewing the development of jet engines in 
Chapter I, you acquired a general overall knowledge 
of the J57 engine and its associate systems, In Chapter 
П you learned how the fuel is metered to the engine 
and controlled in accordance with atmospheric and 
altitude conditions. Detailed descriptions and main- 
tenance suggestions were also given for the oil, igni- 
tion and starting, in-flight and ground cooling, and 
the engine anti-ice systems. Chapter III described en- 
gine preservation and depreservation techniques and 
also covered che engine installation and removal орег- 
ations. The last chapter explained how the engine in- 
struments and warning systems function and outlined 
some of the common maintenance requirements. 


Two points have been mentioned several times in the 
four chapters in this supplement, Биг they are im- 
portant enough to be mentioned once more. These 
points concern the relation of Е-102А Maintenance 
Technical Orders to this Training Supplement. In 
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Some cases, the description of the engine and its as- 
зосіате systems in this supplement contain specific 
values and pressures, These values and pressures are 
used for explanatory purposes only, and they should 
not be used on the flight line. The latest information 
of this nature can be found in the Maintenance Tech- 
nical Orders. 


In other instances, you have learned that all of the 
engines do not have the same type of components. 
Although specific engine model numbers have been 
given in some examples, this information has been 
omitted in others. This information, too, should always 
be obtained from the Technical Orders. 


Keep in mind that this Power Plant Installation Train- 
ing Supplement has not replaced the Technical Orders. 
It has only acquainted you with the J57 engine and 
outlined some of the maintenance needs. This knowl- 
edge has prepared you to use the Maintenance Tech. 
nical Orders more intelligently so that you will be a 
more valuable member of the F-102A ground support 
team. 
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Foreword / 


The F-102A Training Supplements have been pre- 
pared by Convair, A Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the Е-102А airplane and its operating systems. 
There are ten of these supplements, each covering an 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuet System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

Instruments 
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Each supplement describes an operating system or 
major component, how and why it operates, and main- 
tenance problems that you may encounter. The entire 
major system is further simplified by describing each 
of its subsystems separately. Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar wich the functions of the major system. This 
knowledge of the airplane systems will enable you 
to use other operational, service, and maintenance 
instructions. 


Since tbe purpose of tbese publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances are not given. Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly а certain operation or condi- 
tion. You must refer to your 1F-102A-2-3, -2-7 and -2-10 
Technical Orders and other pertinent handbooks for 
specific values when adjusting or checking a system and 
its components. These Technical Orders are revised peri- 
odically to include the latest maintenance procedures 
and data on the equipment installed in the F-102A. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


Т.О. 1F-102A-2-1 
T.O. 1F-102A-2-2 
T.O. 1F-102A-2.3 
T.O. 1F-102A-2-4 
Т.О. 1Е-102А-2-5 
T.O. 1F-102A-2-6 
T.O. 1F-102A-2-7 
T.O. 1F-102A-2-8 
T.O. 1F-102A-2-9 
T.O. 1F-102A-2-10 
T.O. 1F-102A-2-11 
Т.О. 1F-102A-2-12 
T.O. 1F-102A-2-13 


Power Ріапі 


Landing Gear 


Instruments 


General Airplane 


Fuel Supply System 
Air Conditioning, Pressurization, and Anti-icing Systems 


Flight Control Systems 


Electrical Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


Radio-Communication and Navigation Systems 
Armament and Armament Electronics 
Wiring Data (F-102A) 


T.O. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible, The Air Force, like а manu- 
facturer of an automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The printed instructions you will use most fre- 
quently in maintaining the F-102A are the dash-2 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance information. Тһе 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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This supplement consists of five chapters that describe the F-102A 
Flight Controls. Chapter 1 acquaints you with the theory of flight and 
the development of the Е-102А flight controls. Chapter II gives you a 
detailed description of the elevon control surfaces and their associated 
hydraulic and mechanical actuating devices. Chapter ПІ provides similar 
information on the rudder. Chapter IV explains the operation of the 
pitch and yaw damper systems. Chapter V concludes this supplement 


with comments on the evolution of the automatic flight control system. 


FLIGHT CONTROL SYSTEM 


Chapter 1 


THEORY OF FLIGHT CONTROLS 


Contents 


Principles of Flight 


Development of Flight Controls....... 


'The F-102A Flight Control System 


Since the historic first powered flight by the Wright 
brothers in 1903, flight controls have become one of 
the most important fields in the science of aerody- 
namics. In designing larger and faster airplanes, the 
method for "steering" them has had to be revised ex- 
tensively to meet the demands imposed by aerody- 
namic forces and to compensate for the limitations of 
human pilots. 


The necessity of revising the flight controls for air- 
planes is similar to the necessity of revising the steer- 
ing mechanisms in automobiles. Early automobiles, 
with their small engines, low speeds, and light weight, 
were easily steered by the driver who turned a steer- 
ing wheel that was mechanically connected by direct 
linkage to the front wheels. However, with the advent 
of high-powered engines, heavier bodies, and greater 
speeds, the forces directed on the steer-inch mechanism 
were too great for a driver to control adequately by 
human strength alone, Compensation for the external 
forces on the steering mechanisms was achieved with 
the use of power steering, This method allowed the 
driver to easily turn the wheel while a hydraulic or 
electrical system performed the actual work involved 
in turning the front wheels against the road forces. 
Power steering in automobiles brought automobile 
control within the physical limits of all humans re- 
gardless of their physical stature or strength. 


Power steering is also used in modern high-speed air- 
craft, In addition to the human characteristics which 
are present in automobile steering, such as muscular 
strength, reaction time, and proneness to fatigue, the 
characteristics affecting the control of airplanes, such 
as sensitivity to changes of position and changes in 
forces on control surfaces, must also be considered. 
Although power steering was first used in airplanes to 


eliminiate the fatigue factor, the development of tran- 
sonic and supersonic airplanes presented contro! prob- 
lems which could be solved only with a fully-powered 
steering (flight control) system. | 


In this training supplement, you will learn about the 
flight control system that is used on the F-102A air- 
plane. Аз you will discover in the first chapter, the 
control surfaces on the Е-102А are somewhat different 
from those used on conventional-winged aircraft and 
the flight contro! system has been designed to com- 
pensate for these differences. 


'To fully appreciate the need for a complex flight con- 
trol system such as the one used on the Е-102А, you 
should be fully aware of the principles of aerodynam- 
ics and the forces, or loads, that the system must con- 
trol as it performs its job. Тһе following discussion in 
this chapter will deal with a review of fundamental 
aerodynamics and some of the problems of flight con- 
trols that have developed in the design of supersonic 
airplanes. There is no doubt that this review will be 
"old stuff" to you if you are a veteran Air Force main- 
tenance man. If you are new to the aircraft mainte- 
nance field, however, this review can be just the right 
kind of tool to help you understand the importance of 
your maintenance and inspection duties on the 
F-102A flight controls. 


PRINCIPLES OF FLIGHT. 


You may have seen early illustrations that pictured 
man's attempts to fly, or you may have read about his 
struggles to gain mastery of the air. No doubt, man 
got the idea of flying from watching: birds as they 
gracefully soared overhead. His early attempts at flight 
were, for the most part, fantastic—if not fatal. There 
were man-made bird wings strapped to arms and 
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Figure 1-1. Typical Airfoil Section 


shoulders, hot-air balloons, and gas balloons. Although 
man did achieve flight in the balloons, all of the flighe 
attempts in heavier-than-air devices failed. Their fail- 
ure lay in the face that man did noc fully comprehend 
the principles of aerodynamics. 


AIRFOILS. 


Let’s take a look at a cross-sectional view of a typical 
airfoil and learn some of the airfoil characteristics and 
nomenclature. In figure 1-1, you will note that the two 
ends of the airfoil differ in appearance. The end that 
faces into the wind in flight is called the leading edge 
and is rounded; while the other end, the trailing edge, 
is narrow and pointed. A reference line which is often 
used in discussing an airfoil is the chord—a straight 
line drawn through the airfoil from the farthermost 
points of the leading and trailing edges. The distance 
from this chord line to the upper and lower surfaces 
denotes the amount of upper and lower camber (curva- 
ture). Another reference line, drawn from the leading 
edge to the trailing edge, is the mean camber line. 
This mean camber line is equidistant at all points 
from the upper and lower airfoil surfaces. 


FORCES IN FLIGHT—LIFT, THRUST, 
WEIGHT, AND DRAG. 


An airplane in straight and level flight has four forces 
acting on it. These forces are lift, drag, weight, and 
thrust. The ИЙГ of the airplane acts perpendicular to 
the direction of the relative wind. The weight (or 
gravity) acts vertically downward from the center of 
gravity of the airplane. Thrust is the force which 
moves the airplane forward during flight, and the drag 
is the resistance of the atmosphere against the air- 
plane's forward motion. When the airplane is in 
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straight and level unaccelerated flight, the lift equals 


the force of gravity and the thrust is equal to the force 
of drag. 


Figure 1-2 shows you how the four different forces 
thar determine flight actually cancel each other out. 
The upper view shows the two forces, lift and drag. 
Тһе lift force pulls the airfoil up, but, at the same 
time, the resistance of the airfoil (drag) pulls che wing 
backward. The resultant action, consequently, is not 
just a straight up or straight back motion—it is a com- 
bination backward and upward motion. 


In the second view, the other two forces, thrust and 
weight, cause the airfoil to have just the opposite 
movement. Тһе thrust causes the wing to move for- 
ward, but the weight (or gravitational pull) causes the 
airfoil to fall toward the earth. The resultant airfoil 
motion is a combination of these two motions—it is 
forward and downward. 


Putting these four forces together produces the mo- 
tion which is shown in the third view. As you will 
note, the forces act in different directions and cancel 
each other. If the force of lift is as great as the weight, 
the airfoil neither rises or falis (climbs or dives); and, 
if the thrust is as great as the drag, the wing does not 
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Figure 1-2. The Four Aerodynamic Forces 


On An Airfoil 
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move either faster or slower but moves at a constant 
speed. To go faster, we merely increase the thrust over 
the drag and the aircraft accelerates. Then when the 
thrust and drag again equalize, the aircraft no longer 
accelerates, but moves ahead at a faster constant speed 
than before. 


While we are reviewing the principles of flight, we 
should consider the two neutral laws which combine 
to make it possible for an airfoil to support (Lift) a 
heavy weight in air. The first law can be best illus- 
trated by holding your hand out of the window of a 
moving automobile. As you incline your hand, the 
force of the air against your hand pushes ic up. The 
airfoil, in this case, is your hand and it deflects the 
wind. This action creates a dynamic pressure effect on 
the lower surface of your hand, forcing it upward and 
backward. A similar effect on an airfoil produces 
about 25% of the total lifting force of the wing. 


The second law, that of the Venturi tube principle, 
can best be demonstrated by grasping a piece of paper 
at each bottom corner with the thumbs and fore- 
fingers. Hold the paper a few inches from your lips, 
allowing the top edge of the paper to assume a gentle 
slope downward similar to the upper curvature of an 


Figure 1-3. Relative Wind and Angle of Attack 


airplane wing. Blow across the top of the paper and 
notice how the paper raises up at the far edge and 
assumes a horizontal position, The greater rhe velocity 
of air across the paper, the higher the paper will raise 
as the air passes across it. 


Figure 1-3 shows how these two natural laws are ap- 
plied to airfoils. When an airfoil moves through the 
air, both the airfoil shape and the airfoil angle of at- 
tack to the relative wind cause the air to be deflected. 
"The deflection compresses the air below the airfoil and 
causes a high pressure on the under surface. The air 
traveling across the upper surface of the airfoil must 
travel a larger distance which consequently causes the 
speed of the air across the top portion to increase. This 
increase in the velocity of the air produces an area of 
low pressure next to the upper surface of the airfoil. 
In this manner, a pressure differential is created. The 
high pressure on the bottom surface of the airfoil 
causes the airfoil to be forced into the area of low 
pressure оп the top surface. Аз the speed of the air 
flow increases, che pressure differential acting on the 
airfoil also increases. You can see from this how the 
necessary lift for flight is produced. 


RELATIVE WIND AND ANGLE OF ATTACK. 


As already mentioned, drag is the resistance of the at- 
mosphere against the airfoil's forward motion and the 
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Figure 1-4. The Three Axes ої an Airplane 


drag will always act parallel to the relative wind. The 
relative wind is the direction of the air flow with re- 
spect to the airfoil. If an airfoil is moving forward 
horizontally, the relative wind moves backward hori- 
zontally. If the airfoil is moving forward and down- 
ward, the relative wind moves backward and upward. 
This is shown in the first view of figure 1-3. In flight, 
the actual path of the airplane determines the direc- 
tion of the relative wind. 1t is the only motion of the 
aircraft in flight that produces a relative wind. 


Тһе angle of attack of an airfoil directly controls the 
distribution of pressure below and above it. The angle 
of attack can be defined as the angle between the 
chord of the airfoil and the direction of the relative 
wind measured in the manner shown in the second 
view of figure 1-3. 


Тһе shape of the airfoil cannot be effective unless it 
continually keeps attacking new air. If an airplane is 
to keep flying, it must keep moving. The speed with 
which the airfoil attacks che air, however, has a defi- 
nite effect upon the lift generated by the airfoil. The 
airfoil lift is proportional to the square of the airfoil 
velocity in respect to the relative wind. Án airplane 
traveling 200 mph has 4 times as much lift as one 
traveling 100 mph, if the angle of attack and the other 
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factors are kept constanr. Actually, you could not con- 
tinue to travel in level flight and maintain the same 
angle of attack if you increased your speed; the airfoil 
lift would increase and the airplane would climb. For 
each angle of attack each airplane has a definite speed 
at which it will fly straight and level. To maintain 
the constant lift force which balances the weight in 
straight and level flight, the airfoil velocity must be 
decreased as the angle of attack is increased. 


PLANES OF ROTATION. 


There are three axes about which an airplane may 
turn. Whenever an airplane changes its attitude in 
flight in respect то the ground or any other fixed ob- 
ject, it must turn about one or more axes. Figure 1-4 
shows you these axes which are imaginary lines pass- 
ing through the airplane's center of gravity. You 
might think of these axes as imaginary axles around 
which the airplane turns like a wheel. Ас the center 
of gravity, where all three axes intersect, each of these 
axes is perpendicular to the other two. The axis which 
extends lengthwise through the fuselage from the nose 
то the tail is called the longitudinal axis. The axis 
which extends crosswise, from wing tip to wing tip, 
is the lateral axis, The axis which passes vertically 
through the center of gravity is called the vertical 
axis. 


Motion about the longitudinal axis resembles the roll 
of a ship from side to side. In fact, the names used in 
describing the motion about an airplane's three axes 
were originally nautical terms, and have been adapted 
to aeronautical terminology because of the similarity 
of motion between an airplane and a ship. Conse- 
quently, the motion about the longitudinal axis is 
called roll; and, for the same reason, the motion about 
the lateral or crosswise axis is called pitch. You аге 
probably familiar with the pitching motion of an 
ocean vessel as it plows into heavy seas. Finally, an 
airplane moves about its vertical axis in a motion 
which is called yaw, deviating from its course in an 
angular motion about the vertical axis, such as you 
would use in sculling a boat. 


FLIGHT CONTROL SURFACES. 


Roll, pitch, and yaw (the motions an airplane makes 
around its longitudinal, lateral, and vertical axes) аге 
controlled by the three control surfaces. Ав shown in 
figure 1-5, roll is produced by the ailerons which are 
located at the trailing edges of the wing; pitch is af- 
fected by the elevators, the rear portion of the hori- 
zontal tail assembly; and yaw is controlled by the rud- 
der, the rear portion of the vertical tail assembly. 


You should remember that an airplane often rotates 
about all three axes at the same time. You сап see a 
good example of this when an airplane begins a climb- 
ing turn. Coordinated movements of ailerons, elevators, 
and rudder causé the airplane to make, in one turning 
movement, rotations about the longitudinal, lateral, 
and vertical axes. Consequently, roll, pitch, and yaw 
can happen at the same time. 


Flight control surfaces are hinged, or movable, air- 
foils. They are divided into two groups, the primary 
and secondary control surfaces. The primary group of 
control surfaces is made up of the ailerons, elevators, 
and rudder. You should also keep in mind that the 
elevators and the ailerons are combined on the Е-102А 
and are called elevons. 


Ailerons. 


The ailerons control the movement about the longi- 
tudinal axis. There are two ailerons—one at the trail- 
ing edge of each wing. They are movable surfaces at 
the rear outer part of each wing. Moving the control 
stick or wheel to lower the aileron on one wing also 
raises the aileron on the other. The wing with the 
lowered aileron goes up because of its increased lift; 
the wing with the raised aileron goes down because of 
its decreased lift. The moving of either aileron, then, 
is aided by che simultaneous and opposite movement 
of the aileron on the other wing. 


Rods or cables connect the ailerons to each other and 
to the control stick or wheel in che cockpit, When you 
apply pressure to the right on the control stick, the 
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left aileron goes down and the right aileron goes up— 
rolling the airplane to the right. This happens be- 
cause the down movement of the left aileron changes 
the wing camber and increases the angle of attack. 
Тһе right aileron moves upward and changes the 
camber, resulting in a decreased angle of attack. Thus 
decreased lift on the right wing and increased lift on 
the left wing causes a roll and bank to the right. 


Elevators. 


The elevators contro! the movement of the airplane 
about its lateral axis and produce the motion known 
as pitching. They form the rear part of the horizontal 
tail assembly and are free to swing up and down. Like 
the ailerons, the elevators are attached to the control 
stick or wheel by means of cables or rods. Pushing the 
stick forward causes the elevators to move down, 
bringing the tail up and the nose down. Conversely, 
pulling the stick backward causes the elevators to 
move up, forcing the tail downward and the nose up- 
ward into a climb. 


Like the ailerons, which are fastened to the trailing 
edge of the wing, the elevators are also hinged to a 
fixed surface—the horizontal stabilizer. Together, the 
stabilizer and che elevators form a single airfoil; and 
a change in the position of the elevators modifies the 
camber of the airfoil, increasing or decreasing the lift. 


The elevators are the angle-of-attack control. When 
back pressure is applied on the control stick, the tail 
lowers and the nose raises, thus increasing the angle of 
attack. Under normal cruise conditions, chis enables 
the pilot to control the air speed by regulating the 
elevators. If the airspeed is too low, forward pressure 
can be applied on the stick—lowering the elevarors. 
This raises the tail and decreases (һе angle of attack. 
Of course this results in a loss of altitude, and the 
necessary correction is made by advancing the throttle. 


Rudder. 


The rudder controls the movement of the airplane 
around its vertical axis and causes the motion called 
yaw. Like rhe other primary control surfaces, che 
rudder is a movable surface hinged ro a fixed surface 
—in this case the vertical stabilizer (fin). Rudder ac- 
tion is very much like chat of the elevators, except сһас 
it swings in a different plane. The rudder swings from 
side to side instead of up and down. When the rudder 
is moved to one side, the shape of the airfoil is 
changed, producing a horizontal lift in the opposite 
direction, 


The primary purpose of the rudder is to give vertical 
balance to the airplane and counter the effect of ad- 
verse yaw, Ав you know, the rudder does not turn the 
airplane; this is accomplished by banking the airplane 
through the use of the ailerons. However, in this ma- 
neuver, the lowered aileron on the outside of the turn 
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acquires extra drag along with lift, and this force pro- 
duces an opposite yawing which must be compen- 
sated for by adjusting the rudder. This is the only 
purpose of the rudder in normal flight—to offset the 
drag produced by the lowered aileron. 


Secondary Control Surfaces. 


The secondary control surfaces are the trim tabs, bal- 
ance tabs, and servo tabs. They are used to reduce the 
force required to actuate the primary controls surfaces 
and for trimming and balancing the airplane in flight. 
These tabs are really small airfoils attached to, or re- 
cessed into, the trailing edge of the primary control 
surfaces. 


TRIM TABS. Sometimes an airplane is loaded in such 
а way that it is slightly wing-heavy, tail-heavy, ог 
nose-heavy. To offset such unbalancing forces, the 
pilot must exert a constant pressure on the stick or 
pedal in the opposite direction. To relieve this rather 
fatiguing effort, ailerons, elevators, and rudders are 
often provided with trim tabs. 


А trim tab is a small, adjustable hinged surface, [0- 
cated on the trailing edge of the aileron, rudder, or 
elevator control surface. It is used to maintain balance 
in straight and level flight without pressure on the 
controls, This is accomplished by moving the tab in 
the opposite direction to that in which the primary 
control surface is to be moved. The airflow striking 
the tab causes the main control surface to move to a 
position that will correct the unbalanced conditions 
of the airplane. Trim tabs may be controlled from 
the cockpit or they may be the ground-adjustable type. 


BALANCE TABS. Balancing tabs look like trim tabs 
and are hinged in approximately the same places as 
trim tabs. The essential difference between the two 
is that the balancing tab is connected to the wing 
structure by a rod, so that when the main control sur- 
face is moved in any direction che tab is moved in the 
opposite direction. The airflow striking the tab coun- 
terbalances some of the pressure against the primary 
control surface and enables the pilot to move and 
hold it in position. 


SERVO TABS. Servo tabs are used primarily on large 
airfoils to help the pilot move the heavy primary con- 
tro! surfaces. Тһе tab control wires or rods are linked 
in a manner that allows the tab movement to precede 
the movement of the main control surface. The air- 
flow striking the tab moves the primary surface in the 
opposite direction. If this first pressure on the tab 
from the pedal is not sufficient го move the control 
Surface, increased pressure releases a spring which 
brings the primary control wires into action. This type 
of tab enables the pilot to move the controls with 
considerably less control pressure than is required in 
airplanes of comparable size and speed without servo 
tabs. 
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Later in this chapter, you will find that the F-102A 
does not require any of the types of trim tabs dis- 
cussed here. Since the flight controls are actuated by 
hydraulic power, the Е-102А pilot does not need any 
trimming devices to assist him in controlling the air- 
plane. And, as you will also learn, all trimming action 
is accomplished by an electrically actuated trimming 
system. 


STABILITY IN AIRCRAFT. 


All airplanes must possess stability to varying degrees 
for both safety and ease of operation. Án unstable 
airplane requires constant adjustment of the controls, 
and consequently is difficult to operate. An unstable 
airplane is dangerous, for a sudden stall can send it 
into a fatal dive or spin. On the other hand, an exces- 
sively stable airplane can be equally dangerous, for it 
will tend to remain in its original path in spite of the 
pilot's efforts to control it. 


There are three general types of stability— positive, 
neutral, and negative. Positive stability is usually re- 
ferred to simply as stability, and negative stability is 
referred to as instability, An airplane with positive 
stability possesses the characteristics previously men- 
tioned. If outside forces should disturb it from its пог- 
mal flight, it tends to return eventually to its original 
position. This is shown in the upper view of figure 
1-6. 


А neutrally stable airplane does not tend to Change its 
attitude in flight. However, if this attitude is changed 
by outside force or an adjustment in controls, the ай- 
plane does not tend to return to the original position. 
It remains in the new position until other forces in- 
fluence іс. Such an airplane is likely to tire «Бе pilot, 
since he must control it constantly. 


А negative stable, or unstable, airplane changes con- 
stantly from abnormal flight, and must be held 
straight and level by continuous use of the controls. 
If an unstable plane is put into a climb, it tends to 
climb more and more steeply until it finally stalls. In a 
dive, it tends to dive more and more steeply. There 
are no airplanes of this type in the Air Force. 


Positive Stability. 


There are two types of positive stability, static and dy- 
namic, Static stability merely means that, if the air- 
plane's course is disturbed, the airplane will tend to 
return to its original position. Dynamic stability is 
concerned with the oscillations an airplane goes 
through in attempting to return to its normal position 
of flight after that position has been disturbed. The 
swinging of the tail from one side to the other or up 
and down is called oscillation. The magnitude of these 
oscillations is measured by the extreme distance of the 
tail at each swing from an imaginary mean line. In a 
pendulum on a clock, the mean line is vertical, and 
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Figure 1-6. Aircraft Stability 


the distance of each swing to the right and to the left 
indicates the size, or amplitude, of the oscillation. If, 
іа the case of an airplane, these oscillations steadily 
decrease in amplitude, the airplane is stable. It will 
eventually return to the original flight attitude as 
shown in the bottom view of figure 1-6. However, if 
the oscillations increase in amplitude, the airplane is 
dynamically unstable. 


Stability About the Axes. 


Air Force planes are designed to have stability about 
all three axes. Jf the nose drops, if one wing lowers, 
or if the rail swings to one side, the airplane should 
-quickly return to the normal position. There аге cer- 
tain features incorporated in the design of an airplane 
which give it stability about the longitudinal, lateral, 
and vertical axes. 


LONGITUDINAL STABILITY. Longitudinal stabil- 
ity is the quality which makes an airplane stable about 
its lateral axis—the axis which runs through the 
wings from tip to tip. It involves the pitching motion 
of the airplane as its nose goes up and down in flight. 
A longitudinally unstable airplane tends co climb or 
dive until it goes into a stall or steep dive from which 
it cannot pull out. Thus, the airplane with longitu- 
dinal instability becomes dangerous to fly. 


LATERAL AND DIRECTIONAL STABILITY. Sta- 
bility about che longitudinal axis, which runs from 
nose to tail, is called lateral stability. This helps to 
stabilize the rolling effect when one wing lowers and 
the other raises. Of course, you must remember in con- 
sidering stability, that no airplane has complete sta- 
bility. 1f a plane were perfectly stable, che controls 
would be slow їп responding, and maneuvers would 
be difficult, if not impossible. If an airplane is longi- 
tudinally stable, it does not necessarily remain fixed 


8 


in а level, forward path, but does rend to maintain its 
attitude. Likewise, an airplane that is laterally stable 
does not always keep its wings level, but it does tend 
to return to its original attitude. 


Stability about the vertical axis, which concerns the 
yawing moment, is known as directional stability. 
This does not mean that the airplane keeps a compass 
direction, but that it keeps a constant direction with 
regard ro the relative wind. 


DEVELOPMENT OF 
FLIGHT CONTROLS. 


Тһе early pioneers of flight contributed much to the 
science of aeronautics. Although all of the experi- 
menters prior to the Wright brothers never achieved 
flight in a heavier-than-air machine, they formulated 
some of the fundamental concepts. Their early at- 
tempts were concerned only with getting off the 
ground. Control or maneuverability was not a prime 
consideration. 


In December 1903, che Wright brothers proved to the 
world that man could fly, although their flying ma- 
Chine is almost comical when compared to our modern 
supersonic airplanes. Figure 1-7 shows one of the ear- 
lier models of the Wright brothers. Note that the con- 
cept of flight contro! surfaces was somewhat different 
from that which we know today. One of the distin- 
guishing characteristics of this model was the forward 
vertical surface which the pilot used to offset the yaw- 
ing cendencies. The wings have no small control sur- 
faces to control airplane roll movement; they were 
merely "warped" to induce the rolling motion. The 
elevators at the aft end of the machine were built as 
one integral unit instead of two (stabilizer and еіс- 
vator). When the pilot wished his machine со go up 
or down, he moved the whole elevator. 
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Figure 1-7. Flight Control Surfaces on Early Airplanes 


By the beginning of the first World War, the airplane 
had been developed to a point where airplanes could 
be successfully controlled in almost all attitudes of 
flight. The airplane of this age had practically all of 
the basic control surfaces of today's conventional air- 
planes. As shown in figure 1-8, the rudder had been 
moved to the rear of the airplane, the elevators were 
being designed as a movable surface attached to the 
horizontal stabilizer, and the wings were incorporat- 
ing ailerons, which were movable surfaces attached to 


the aft edge of the wings. 


Shortly after the end of World War 1, progress made 
in the design of airplanes necessitated the develop- 
ment of better flight control surfaces. It is quite inter- 
esting to ‘note, however, that the general location of 
the flight control surfaces has noc changed extensively 
from those of the early World War 1 airplanes. Figure 
1-9 shows the location of flight control surfaces on 
conventional-winged and delta-winged aircraft. In the 
left view, note that tabs have been added to the con- 
trol surface group. These tabs are used in the manner 
described earlier in the review of flight principles. 
The airplane shown in the right view has only chree 
control surfaces. The elevons have replaced the ele- 
vators and the ailerons, but the rudder has remained 
the same in respect to function and location. 


OPERATING THE FLIGHT CONTROL SURFACES, 


The operation of flight control surfaces has also passed 
through several development stages. In a general sense, 
the three most prominent stages are the direct manual 
control, the flly-powered control, and finally, the 
autopilot control. Although these types of flight con- 
trol operation have spanned almost half a century, all 


of them are in use today. 


Direct Manual Сопїго!. 


The direct manual control of the control surfaces was 
used on early types of airplanes. In the case of the 
Wright brothers’ airplane, che pilot lay prone in the 
faselage and directed the airplane by pulling on cables 
which were attached to the control surfaces. As flight 
controls were improved, the linkage which attached 
the control surfaces to the pilot controls in the cock- 
pit became more complicated, but the basic principle 
was the same. Аз shown in figure 1-10, the pilot moved 
the control stick and the mechanical linkage then op- 
erated the control surface. With this type of system, 
the pilot had a definite "feel" of che amount of air 
pressure that he was forced to overcome with control 
stick operation. This, however, turned out to be one 
of the biggest disadvantages of the non-power-oper- 
ated systems. 'The air load forces on the control sur- 
faces vary with the speed of the airplane. Although 
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Figure 1-8. Flight Control Surfaces on World War І Airplanes 


little effort was needed to control the very early air- 
planes, che faster models encountered such great air 
loads on the control surfaces that the task of flying che 
airplane began to exceed the physical limitations of 
the pilot. 


Fully Powered Control. 


Тһе first attempts to compensate for the increased air 
loads dealt with the moving of the control surface 
hinges to counterbalance the loads, but this did пог 
prove satisfactory in that a perfect balance would not 
be obtained that would suit all air load applications. 
The problem was finally solved by the development 
of the powered flight control system. Two typical 
systems of this type are shown in figure 1-11. In the 
upper view, note that the control stick does not phy- 
sically connect to the control surface—it connects to 
and operates only the control valve shown in the cen- 
ter of the schematic. You will note that the control 
valve can direct hydraulic fluid to either side of the 
actuating cylinder which moves the control surface. 


There are several distinct disadvantages of this type 
of control system. The pilot has no method for con- 
trolling the amount of control surface travel other 
than moving the stick just a small amount at a time. 
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He also has no method for obtaining any "feel" of 
the control surface pressures. 


Тһе system shown in the lower view shows how one 
of the disadvanages has been removed in the modern 
flight control system. Note that the control stick link- 
age still connects to the control valve but that the 
additional feedback linkage also connects to the con- 
trol valve. When the pilot positions the control stick 
for control surface displacement, the control valve 
opens and directs fluid to the actuating cylinder. This 
actuating cylinder in turn causes movement of the 
control surface and the feedback mechanism. When 
the control surface reaches a position that corresponds 
with the position dictated by the control stick, the 
feedback mechanism will have actuated the control 
valve so that the flow of hydraulic fluid to the actuat- 
ing cylinder is shut off. This effectively locks the con- 
trol surfaces in the position desired by the pilot. When 
the pilot moves the stick back to neutral, the reverse 
action takes place and the control surface stops in its 
neutral position. 


The Autopilot. 


The type of control system described above is quite 
satisfactory in most respects. One drawback of the sys- 
tem, however, was that it required the pilot to operate 
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Figure 1-9. Flight Control Surfaces on Modern Airplanes 


the controls all of the time. Because of the human 
fatigue factor, the next logical step in the development 
of flight control systems was to develop a flight con- 
trol system that would relieve the pilot of all flight 
control duties during straight and level flight. This 
type of system is called the autopilot control system. 


Figure 1-12 shows an autopilot control system in sim- 
plified schematic form. By comparing this schematic 
with the previous one, you will note the addition of 
the gyro. This is the heart of the automatic pilot con- 
trol system. Once the pilot has selected a heading and 
established the flight attitude, he can leave the con- 
trol problems to the autopilot. А$ the airplane strays 
from the present course and attitude, the gyro detects 
the changes and makes the necessary changes іп the 
position of the hydraulic control valve. The control 
valve directs fluid to the actuating cylinder which 


then moves the control surface. When the control sur- 
face reaches the corrected position as indicated by the 
gyro, the feedback system repositions the control valve 
and stops the supply of hydraulic fluid to the actuat- 
ing cylinder. When che course has been reestablished, 
the reverse operation takes place and the control sur- 
face returns to its neutral position. 


PROBLEMS ENCOUNTERED ON 
SUPERSONIC AIRCRAFT. 

With the advent of supersonic aircraft, many new 
problems in control and stability presented them- 
selves, and new flight control systems had to be de- 
signed to solve chem. Even the language is constantly 
changing. It is no longer sufficient го give airspeed 
in miles per hours. Тһе speed of aircraft is now 
spoken of in terms of speed of sound. The term "Mach 
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number" has come into accepted use. This is the 
ratio of the aircrafts speed to the speed of sound 
at the flying altitude. 


Another term which has come into general use is 
“compressibility,” or “compressibility limit" Аз а 
wing moves through the air, the air passing over the 
top of the wing flows at higher speeds than the air 
flowing under the wing. This difference in speeds 
causes a large pressure differential between the two 
masses of air, and shock waves result. Although the 
wing and control surfaces do not actually enter into 
che area of compressibility above the wing, they are 
still subject to the resulting shock waves. 


The problem of controlling an airplane becomes very 
difficult as airplane speeds approach the sonic area. 
As shock waves are formed on both the upper and 
lower surfaces of the airfoil, che lift factor is greatly 
reduced and the aircraft begins to dive. Аз a safety 
measure, early high-speed aircraft had dive recovery 
flaps under the wings or fuselage. When the dive 
flaps were extended, it increased the drag and forced 
airflow downward so that the nose would come up. 


Ailerons and rudders on conventional-winged air- 
planes also came in for their share of trouble оп high- 
speed aircraft. The unstable cransonic flow over the 
wings caused the ailerons to oscillate rapidly, creating 
a condition known аз “buzz.” Another oscillation 
called "snaking" also occurred about the vertical axis 
around the rudder area. 


One of the worst problems of control and stability on 
airplanes was encountered just at transonic speeds. 
The occurrence of shock waves over the rear part of 
the surface generally created а wide wake so that the 
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control surfaces at the rear of the wing lay completely 
in a "dead water" area. Then, no matter how much 
the controls were moved, no effect was obtained, 
from them. Іп other words, the control surfaces be- 
сате useless. Ав the airplane speed increased, this 
"dead water" region gradually moved farther back; 
and at supersonic speeds, the control surfaces would be 
out of the wake of the shock. In these conditions, the 
control surfaces again became effective. 


Another problem which has presented itself in the 
development of supersonic airplanes із the difference 
of critical Mach numbers for different types of wings. 
Аз you can readily understand, the airfoil section must 
span the transonic region without encountering strong 
normal or oblique shock waves. The lift of the wing 
must not deteriorate and any increase in drag must 
be due to the increase in velocity and not energy 
losses. The center of pressure, or point through which 
the lift is acting, should remain fixed near the center 
of the wing so that changes in diréction will not de- 
velop. The wing must also give high lift at low sub- 
sonic speeds so that the aircraft may be landed at 
reasonable speeds. 


Two methods for increasing the airplane’s velocity 
without exceeding tbe critical Mach number are the 
use of swept-back wings with very low aspect ratios. 
The pressure fields of any wing always act регреп- 
dicular to the wing leading edge. Air flowing from 
any other direction has no effect on the wing's char- 
acteristics. Because of this, airflow across the wing 
on a swepr-back design мій always be lower than 
the actual free stream velocity. Sweepback also helps 
to raise the critical Mach number and reduce the 
drag by keeping the wing as far as possible inside 
the angular shock wave (Mach cone) of the fuselage. 
А Mach cone will form on the nose of the fuselage 
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Figure 1-11. Fully Powered Operation of Control Surfaces 
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Figure 1-12. Automatic Operation of Control Surfaces 


and the velocity inside the cone will be lower. It is 
usually desirable го keep the wing inside the area 
of lower velocity. If the wing is moved as far back 
on the fuselage as possible, most of it will fall inside 
the Mach cone. 


It is very difficult to build a strong swept-back wing, 
so another idea was to build a delta-shaped wing to 
give the wing the needed structural strength and 
also provide the necessary airfoil characteristics for a 
stable flying armament platform. With the added 
structural strength, (һе wing can be made exception- 
ally thin with a low aspect ratio. This, of course, 
makes the airflow over the top and bottom of the 
wing travel at about the same velocity, and the transi- 
tion from subsonic, through transonic, and into super- 
sonic speeds can be made with a minimum amount 
of shock waves induced by compressibility. The delta 
wing also eliminates the use of elevators and hori- 
zontal stabilizers. This in turn, eliminates the need 
for controlling the air (low for both the wing control 
surfaces and the empennage control surfaces. 


THE F- 102A FLIGHT 
CONTROL SYSTEM. 


The flicht control surfaces on the Е-102А, as іп most 
supersonic airplanes, are moved by hydraulic power. 
Hydraulic power is used because of the high air loads 
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imposed on the control surfaces during high-speed 
flight operation. Both the primary and secondary hy- 
draulic systems (or one of them in case of malfunc- 
tioning of the other) supply the hydraulic pressure 
that moves the control surfaces. 


The F-102A flight control surfaces shown in figure 
1-13 consist of only elevons and rudders. Although 
the control surface arrangement is somewhat unique, 
the pilot controls the airplane їп the same manner 
that he would control a conventional-winged airplane. 
'The pilot operates the elevons by means of control 
stick and moves the rudder by means of rudder ped- 
als. Іп figure 1-14, note that the forward and aft 
motion of the control stick gives elevator action while 
the left and right stick motion produces aileron action. 


Since the hydraulic portion of the flight control sys- 
tem is irreversible, airloads on the flight control sur- 
faces are not transmitted back to the pilot. Conse- 
quently, an artificial “feel” system is required to simu- 
late an airload condition. This system of simulating 
airloads on the control surfaces is known as the artifi- 
cial "feel" system. The function of the feel system is 
to provide the pilot with feel forces which vary the 
resistance of movement of the control stick and rudder 
pedals according to the speed of the airplane. 
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Figure 1-13. Е-102А Control Surfaces 


THE ELEVON CONTROL SYSTEM. 


The elevon control system combines elevator and ai- 
leron motion in a single pair of elevons, By observ- 
ing the diagram shown in figure 1-15, you can see 
how this control system operates. Movement of the 
control stick fore and aft produces elevator motion; 
movement of the stick to either side produces aileron 
motion. А series of mechanical linkages and cables 
transmits control motion from the stick to the “T” 
shaped bar at the elevon їгїт actuator. Ас the actua- 
tor, аПегоп and elevator motion are "mixed" and а 
proportionate amount of linkage movement is trans- 
mitted to che walking beam at each elevon. 


When the walking beam rotates in either direction, it 


. displaces the elevon control valve in a corresponding 


direction. This valve displacement is through a direct 
mechanical linkage between the walking beam and 
the control valve. The displacement of the elevon 
control valve moves two internal spool valves. These 
spool valves direct primary and secondary hydraulic 
system pressure to the inboard and outboard actuating 
cylinders which in turn move the elevons in a corre- 
sponding up or down direction. 


When the elevons reach the position called for by 
the stick movement, the walking beam pivot point 


will also have moved. Walking beam movement 
causes the mechanical linkage between the beam and 
control valve to move in an opposite direction from 
the initial movement set up by the control stick and 
thus return the control valve to neutral. With the 
control valve in neutral, hydraulic pressure is cut off 
to the actuating cylinders and the elevons stop mov- 


ing. 


Simulated "feel" of the elevons is put into the system 
by the elevator "О" feel cylinder shown in the dia- 
gram. This cylinder uses ram air that enters through 
the “О” intake and air from the low pressure pneu- 
matic system. The variable air pressure regulator con- 
trols the air to the cylinder, and the faster the air- 
plane flies the more tension the cylinder puts into 
the controls. 


THE RUDDER CONTROL SYSTEM. 


'The rudder control system actuates the conventional 
rudder surface on the vertical stabilizer. By observing 
the illustration in figure 1-16, you will note that pilot 
control is effected by conventional rudder pedals. 
When the rudder pedals are moved, the force is trans- 
mitted through cables and mechanical linkage to «һе 
rudder control torque tube. Rotation of this tube dis- 
places the hydraulic control valve which then meters 
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Figure 1-14. Control Stick and Rudder Pedal Action 


hydraulic pressure to the rudder actuator cylinder. 
Тһе rudder actuator piston rod is attached to the air- 
plane structure. Hydraulic pressure moves the cylinder 
and its attached contro! valve and servo actuator 
which in turn moves the rudder surface. The rudder 
moves only as long as the pilot moves his pedals. 
When rudder pedal motion stops, the mechanical fol- 
low-up mechanism between the torque tube and the 
control valve returns the control valve to neutral and 
stops rudder surface movement. 


Тһе rudder control has a "feel" system for a simu- 
lated air load condition that operates much the same 
as the elevon feel system, except for one source of air 
pressure. This system uses "О" (ram air) pressure and 
air from the high pressure pneumatic system. This 
resulting air pressure moves the cylinder shown just 
below the centering cylinder in the illustration. This 
“feel” cylinder puts tension into the rudder control 
just as the "feel" cylinder did in the elevon control. 
The faster the airplane flies the more tension the 
"feel" cylinder puts into the rudder control system. 


MODES OF FLIGHT. 


There are three modes or means available to the pilor 
for controlling flight attitude of the airplane, These 
are the Direct Manual, Manual, and the Automatic 
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Flight Control System (АЕС$) modes which are dis- 
cussed separately in the following paragraphs. The 


Manual and AFCS modes serve as an automatic pilot 
on the F-102A. 


Direct Manual. 


When the two-position flight mode selector switch, 
located on the flight mode panel, is placed in the 
Direct Manual mode of flight, the pilot has direct 
control.of the elevons and rudder. Direct Manual is 
normally used for takeoffs and landings, and any time 
the pilot desires to have only control stick, rudder 


pedal, and trim switch movements determine actuation 
of the control surfaces. 


Manual. 


Placing the flight mode switch in the MANUAL posi- 
tion completes a circuit which brings the flight con- 
trol system's pitch and yaw damper systems into op- 
eration. In the Manual mode the pilot still flies the 
airplane much the same as he does in the Direct Man- 
ual mode, except that he now has the assistance of 
the two automatic stabilization systems—the pitch 
damper and yaw damper systems. ЇГ the pilot were 
required to make control corrections in high speed 
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flight, he would probably over-control in the oppo- 
site direction and thereby cause an unstabilized con- 
dition. However, in the Manual mode of operation, 
che pitch and yaw damper systems sense che neces- 
sary flight control corrections and send these correc- 
tive signals to the servo actuators (see figures 1-15 
and 1-16) which in turn actuate the control surfaces 
through the control valves as in the Direct Manual 
mode. These flight control corrections are sensed and 
made by the pitch and yaw damper systems before the 
pilor is even aware that flight corrections are neces- 
sary. Thus, іп the Manual mode the pilot still has 
direct control plus the assistance of the damper sys- 
tems to keep the airplane stable and provide turn 


coordination. 


Automatic Flight Control System. 


When the pilot places che flight controls in the Аиго- 
matic Flight Control System, all mechanical pilot in- 
рас and feedback motion is "locked-out" of the elevon 
control system. The Automatic Flight Control Sys- 
tem. (AFCS), which is a part of the MG-10 Weapon 
Control System, takes over and provides elevon con- 
crol and turn (rudder-aileron) coordination. 


FLIGHT CONTROL SYSTEM 


When the aircraft is controlled by AFCS, the control 
stick is "locked-out" and the pilot is relieved of direct 
flight control. The pilot, however, can override the 
AFCS, if necessary, by exerting sufficient force on rhe 
control stick. Operation under AFCS allows the pilot 
to devote his attention to the operation of the fire 
control system. In the AFCS mode, the MG-10 system 
sends signals to the pitch and yaw damper systems го 
control flight. Therefore, these AFCS signals must соп- 
trol the aircraft as does the pilot when he has stick 
control. Thus, їз AFCS the control signals provide 
"full authority"; that is, che AFCS has complete соп- 
trol of the elevons and turn coordination and can 
move the elevons to their full limits of travel (25? up 
and 8? down). In che Manual mode, the automatic 
type of stabilizing control provided by the damper 
systems is limited to a very small amount of elevon 
movement. This limited damper control of the elevons 
is due to the damper system arrangement of mechan- 
ical and electrical feedback. When the mechanical 
feedback arrangement is "locked-out" in the AFCS 
mode, as is the control stick, feedback is governed by 
а control surface potentiometer. Since the AFCS is 
thus freed from the mechanical feedback restriction, it 
has full control of the elevons. 
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In che preceding chapter you learned why flight con- 
trols are necessary. You also learned about the differ- 
ent types of controls that are used on airplanes and 
how they control the direction and attitude of the 
airplane about the longitudinal (roll), lateral (pitch), 
and vertical (yaw), axes. In Chapter I, you also re- 
ceived an overall picture of the flight control systems 
on the F-102A interceptor. 


This chapter will be devoted to a detailed discussion 
of the F-102A elevon control system and how it орег- 
ates, che mechanical and hydraulic components and 
their functions within the system, the artificial feel 
system, and the сгіт systems. The last part of the 
chapter will be devoted to a discussion of operational 
checkout, maintenance, and rigging of the elevon 


control system. 


'The pitch and yaw damper system and the automatic 
flight control system, as applied to elevon control, are 
discussed only briefly in this chapter. The syscems аге 
discussed fully in later chapters. 


DESCRIPTION OF THE ELEVON 
CONTROL SYSTEM. 


Іп figure 2-1 which shows the elevon control system, 
only the right elevon control is shown since the right 
and left elevons move in an identical manner. In 
later models of the Е-102А, the servo actuator shutoff 
valve, the servo actuator, the Јоскоџт valve (and its 
solenoid), and che control valve are incorporated in a 
single hydraulic package (HEP) valve for each elevon. 
Тһе hydraulic elevon package is described in subse- 
quent paragraphs of this chapter. 


Тһе design of the Е-102А is not conventional in that 
there are no horizontal tail surfaces. Elevators are nor- 
mally attached to a horizontal stabilizer to provide 
pitch control on the conventional airplane. However, 
on the Е-102А, control surfaces called "elevons" (one 
on the left and one on the right side) are attached to 
the rear structure of the delta wings to provide ele- 
vator control. The elevons combine elevator-aileron 
functions in the one set of control surfaces. That is, 
fore and aft movement of the control stick moves the 
elevons up or down together to provide elevator action 
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while movement of the stick from side to side moves 
one elevon up and the other down to provide aileron 
action for roll or bank control. A combination of the 
two movements, along with coordinated rudder move- 
ment, provides for normal climbing or descending 
turns, The word "elevon," obviously, is a combination 
of the words elevator and aileron broken down to 
form the one word to describe this control surface. 


Тһе mixer assembly, shown on figure 2-1, is а те- 
cbanical device which functions to supply elevator or 
aileron action to the elevons as determined by the 
pilot's control stick movements. As you can see, the 
control stick is connected to the mixer assembly 
through mechanical linkage. Movement of the mixer 
assembly is then transmitted to the ‘left and right 
elevon hydraulic components through the left and 
right elevon control linkage. 


The flight control system on the F-102A is a full hy- 
draulic power system in which all control surface 
motion—movement of the elevons and rudder—is ac- 
complished by hydraulic actuating cylinders. Full hy- 
draulic power is used because of the high forces im- 
posed on the elevons and rudder at high speeds. It 
would be extremely difficult for the pilot го man- 
ually move the control surfaces due to these high 
forces. Hydraulic power to move the control surfaces 
is supplied by the primary aad secondary hydraulic 
systems. Each actuating cylinder has two hydraulic 
chambers with two pistons operating on one ram 
shaft so that either one or both of the two separate 
hydraulic systems can operate the flighr control sur- 
faces. In normal operation both hydraulic systems are 
used at the same time, the two systems provide a safety 
measure in the event one of the hydraulic systems 
should fail. 


Two hydraulic actuating cylinders are provided for 
each elevon; one is connected to the upper inboard 
elevon horn on each elevon and the other is con- 
nected to the lower outboard elevon horn on each ele- 
von. The cylinders on each elevon are interconnected 
зо that when positioning the elevon one cylinder is 
etxending while the other is retracting. Mechanical 
linkage set in motion by the pilot’s movement of the 
control stick, or chrough action of the serve actuator 
on signals from the damper system, opens hydraulic 
control valves. The control valves then meter hydraulic 
fluid to the actuating cylinders to move the elevons. А 
mechanical followup or feedback linkage then reverses 
the initial motion and returns the control valves to 
neutral. The elevons remain in the position established 
by the pilots control motion until che pilot again 
moves the contro] stick. 


Since the hydraulic action of the elevon control sys- 
tem is not reflected back to che mechancal linkage, 
airloads on the elevon control surfaces are not trans- 
mitted back to the pilot. To overcome this condition, 


FLIGHT CONTROL SYSTEM 


an artificial feel system is incorporated in the me- 
chanical system linkage. The feel system furnishes che 
pilot with feel forces at the control stick, and prevents 
him from overloading the elevon surfaces. This system 
will be discussed in more detail later in the chapter. 


The control surfaces on the F-102A airplane do not 
have conventional trim tabs. Trimming of the air- 
plane is accomplished by electrical trim actuators chat 
move the entire elevon and rudder control surfaces 
for trim action. À five-position toggle switch on the 
control stick routes 28-volt, d-c power to the elevon 
trim actuators to move the elevons. Aileron trim is 
applied to move the elevons differentially for crim 
about the roll axis. Normal elevator trim is provided 
by the trim servo system; in addition, this system auto- 
matically changes elevator trim to compensate for 
speed and altitude changes and also for speed brake 
extension. 'The engagement of the elevator trim servo 
system ís controlled by a solenoid-held switch on the 
utility switch pane! in the cockpit. The elevon trim 
system will also be discussed in more detail later in 
the chapter. 


MODES OF FLIGHT. 


There are three modes or ways available to the pilot 
for controlling the flight attitude of the airplane. These 
are the Direct Manual, Manual, and Automatic Flight 
Control modes which are discussed separately below. 


Direct Manual. 


When the flight mode switch is placed іп the DIRECT 
MANUAL position, the pilot has direct control of the 
airplane and only his control movements result in a 
change of course or attitude. The Direct Manual mode 
of control is normally used for takoffs and landings, 
and any time the pilot desires to have only control 
stick, rudder pedal, and trim switch movements de- 
termine displacement of the control surfaces. 


Manual. 


The Manual mode is that method of flight contro! 
wherein the pilot's control movements are dampened 
to some degree by counreracting signals from the 
damping system through the servo actuators. The 
servo actuators receive signals from the damper sys- 
tem and convert them to control motion. Placing the 
flight mode switch in the MANUAL position com- 
pletes a circuit that sends 28-volt, d-c current to ener- 
gize the elevon and rudder actuator shutoff valves. 
When these valves are energized, they route hydraulic 
pressure to the elevon and rudder servo actuators and 
also to each elevon lockout valve. The lockout valve is 
not actuated іп the Manual mode. The elevon and rud- 
der servo actuators are connected by linkage to their 
respective hydraulic control valves to superimpose 
damping impulses on the control surfaces. The manual 
mode of contro! is selected by the pilot to provide a 
stable armament platform, or when the airspeed is 
above Mach 0,75. 
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Automatic Flight Control, 


In the Automatic Flight Control mode, the auto- 
matic flight control system of the MG-10 Aircraft and 
Weapon Control System governs the flight control 
System. Initially, che pitch and yaw damper systems 
must be engaged. Closing the AFCS-PILOT ASSIST 
circuit breaker and the AFCS ENGAGE switch on con- 
trol box "105" of the MG-10 Automatic Flight Con- 
trol System initiates automatic flight control. When 
the AFCS-PILOT ASSIST circuit breaker and the 
AFCS ENGAGE switch are closed, an electrical signal 
is sent to che lockout valve solenoid, which allows hy- 
draulic fluid to extend two plungers that lock the con- 
trol shaft from the aft elevon bell crank to the airframe. 
This action locks out pilot input control so that mo- 
tion is not transmitted from the control stick to the 
elevon control valve. In lockng out pilot stick control, 
the mechanical followup or feedback loop is locked 
out. Тһе mechanical feedback is replaced by electrical 
feedback. 


AFCS signals are sent to the elevon servo actuators 
by means of the damper systems. The servo actuators 
move the valve selector spools in the elevon control 
valves, thereby causing hydraulic fluid to be ported 
to the elevon actuating cylinders. The elevons are 
thus displaced to the extent called for by che AFCS 
signals. As either elevon actuating cylinder is displaced, 
it also moves the wiper arm of a control surface feed- 
back potentiometer. The feedback potentiometer sends 
a feedback signal to the damper systems where it 
counteracts the control signal. Ав a result, the damper 
system signal is decreased. When it has decayed, it 
will have stopped elevon movement at the desired 
elevon displacement. In later models of the F-102A, 
the servo actuator, the elevon control valve, the lock- 
out valve, and the servo actuator shutoff valve are in- 
corporated in a hydraulic elevon package (HEP) valve. 
Тһе HEP valve is described in subsequent paragraphs 
of this chapter. 


When flight ‘contro! is switched to the Automatic 
Flight Control mode, the airplane will remain in the 
attitude established by the pilot at the time of en- 
gagement, except when a bank angle of less than 5 
degrees exists. In this case, heading control will en- 
gage and the plane will roll out as required to main- 
tain heading. When a bank angle greater chan 5 de- 
grees exists at time of engagement, heading control 
will not engage, and roll control will function to 
maintain the bank angle. 


The rudder hydraulic system does not incorporate a 
lockout valve as does the elevon hydraulic system. 
Therefore, the rudder is always at che command of the 
pilot regardless of the mode of flight. The rudder 
servo actuator receives signals from the damping sys- 
tem and initiates appropriate rudder movement to co- 
ordinate a turn. The essential components for turn 
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coordination are the roll-rate gyro, a high-pass net- 
work and filter, the aileron position potentiometer, 
and the airspeed compensator. These components orig- 


inate the signals to the damper system for turn co- 
ordination, 


Operation of the elevons in the three modes of flight 
will be discussed in detail later in the chapter. 


ELEVON MECHANICAL SYSTEM. 


The illustrations accompanying this discussion show 
the arrangement and identify the mechanical system 
components. For ease of discussion and understanding, 
the system is divided into four groups. The groups 
are composed of the forward linkage, which includes 
the control stick and the forward aileron and elevator 
control linkage; the mixer assembly and linkage; the 
aft linkage, including the linkage from the aft elevon 
bell crank to the hydraulic control valve as well as the 
actuating cylinder and its attachment to the elevon; 
and the control cables which transmit stick movement 
to the elevon control linkage and the mixer assembly. 


FORWARD LINKAGE. 


А conventional control stick, torque tubes, control 
rods, bell cranks, and support assemblies comprise the 
forward linkage, as shown on figure 2-2. The grip on 
the control stick incorporates а five-position, spring- 
loaded toggle switch for aileron and elevator trim 
and also a button-type switch for disengaging the 
Automatic Flight Control System (AFCS). The linkage 
on the right side of the stick transmits aileron move- 
ment as the pilot moves the stick from side to side. The 
linkage on the left side of the stick transmits elevator 
movement as the pilot moves the stick fore and aft. 


Тһе control stick assembly is attached to and supported 
by the elevator torque tube. Four roll pins attach the 
base of the stick assembly to the torque tube. The 
stick base in turn is supported by a single bolt through 
a support fitting attached to the airplane structure at 
its inboard end and upon which the stick base is free 
to rotate, The outboard end of the torque tube is at- 
tached to and supported by a bell crank and box as- 
sembly with a single bolt upon which the bell crank 
is also free to rotate. Both the inboard and outboard 
support bolts are screwed into nut-plates installed in 
the end of the bell crank and stick base. Fore and aft 
movement of the control stick rotates the torque tube 
which in turn transmits this movement to the elevator 
control linkage by means of the bell crank attached 
to the torque tube at its outboard end. 


Note how the control stick is attached to the stick 
assembly base by one bolt and upon which it is free to 
pivot for side-to-side motion to provide aileron action. 
А push-pul! control rod is attached to the lower end 
of the stick at the rod inboard end and to a bell crank- 
and torque tube assembly at the rod outboard end. 
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Side-to-side movement of the stick is transmitted 
through the push-pull tube to the upper bell crank 
to rotate the torque сиђе and the lower bell crank to 


provide aileron contro] movement to the mixer as- 
sembly. 


Adjustable stop bolts, which limit side-to-side and fore 
and aft travel of the stick assembly, are provided as 
shown on figure 2-2, Refer to your F-102A handbook, 
Т.О, 1F-102A-2-7, for the proper setting of these stops. 
Remember that all control stick and linkage attach 
bolts must be tightened to specified torque values when 
these components are being installed. Refer to the 
above mentioned handbook for these torque values. 


MIXER ASSEMBLY. 


Figure 2-3 shows the mixer assembly and the connect- 
ing linkage. The assembly consists of a cradle that 
moves fore and aft for elevator action and ап elevon 
mixer bell crank that pivots from side to side for 
aileron action. The mixer bel] crank is attached to the 
cradle by a single bolt around which it is free to pivot. 
Note that the forward end of the cradle assembly is 
attached со and supported by the elevator bell crank, 
while the aft end is supported by the elevator trim 
actuator shaft which is attáched to the upper arm of 
the feel system bell crank. The feel system bell crank 
pivots on a single bolt through a support assembly at- 
tached to the airplane structure. Note that the center- 
ing spring is also attached to the lower arm of the 
feel system bel! crank. The elevator trim actuator body 
is attached to the aft end of the mixer assembly cradle 
with four bolts; therefore, the shaft end of the trim 
actuator provides the aft support for the mixer assem- 
bly. This arrangement allows elevator trim and feel 
forces to be introduced into the mechanical system. 
Pilot’s stick motion is transmitted then through the 
forward linkage to the mixer assembly which moves 
the mixer cradle in a fore or aft direction for elevator 
action, or pivots the mixer bell crank for aileron ac- 
tion. Either of these movements or combination of 
movements results in moving the elevon contro! rods 
in a fore or aft direction in proportionate amounts to 
actuate the aft control linkage. The afc control link- 
age then opens the hydraulic control valves, which 
meter hydraulic fluid to the actuators to move the 
elevons. 


Adjustable stop bolts, which limit cradle assembly 
travel, are provided as shown in figure 2-3. Refer to 
your F-102A Maintenance Handbook for the proper 
setting of these stops. 


ELEVON AFT LINKAGE. 


Figure 2-4 shows the arrangement and identifies the 
components in the aft elevon control linkage located 
on the aft feft and right sides of the fuselage. Only 
the installation for che right elevon is shown, since 
the insrallation on che left side is identical. Note that 
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the linkage from the aft elevon bell crank to the hy- 
draulic control valve includes the servo actuator and 
a yoke as part of the linkage. In the Direct Manual 
mode of control, the servo actuator piston shaft is 
locked in a rigid position by its centering springs and 
serves as only a part of the rigid link to the control 
valve. Іп the Manual and Automatic Flight Control 
modes of control, however, the shaft extends or re- 
tracts in response to electrical signals from the damper 
system to open the hydraulic control valve. 


The yoke in the linkage functions to lock out pilot- 
initiated control movements when the pilot selects the 
Automatic Flight Control mode of control; the lock- 
out valve, which is attached to the airplane structure, 
is energized and extends two plungers against the in- 
side ends of the yoke, thereby locking the mechanical 
linkage to the control valve. The servo actuator then 
responds to signals from (һе AFCS components through 
the damper system to control elevon movement. 


Тһе control valve is opened either as a result of pilot- 
initiated control stick movements through the mechan- 
ical linkage or through the action of the elevon servo 
actuator which responds to signals from the damper 
system. When the control valve is opened, hydraulic 
fluid is metered to the inboard and outboard elevon 
actuating cylinders to move the elevons. The follow- 
up mechanism accordingly closes the contro! valve 
when the elevons reach a position corresponding to 
the pilot's stick position when in the Direct Manual 
and Manual mode of control. Ап electrical feedback 
system closes the valve during the AFCS mode of con- 
trol. The operation of the elevons in the three modes 
of control are discussed in detail on the following 
pages. 


In figure 2-4 note how the elevon actuating cylinder 
is attached to the inboard elevon horn; the horn pivots 
on the bolt shown just above the aft elevon bell crank. 
The potentiometer attached to the actuator is used 
only in the Automatic Flight Control mode and its 
use described later in this chapter. The hydraulic com- 
ponents of the aft control linkage, including the servo 
actuator, the elevon actuator, the control valve, the 
lockout valve, and the HEP valve (which combines 
these components), as well as maintenance problems 
concerned with them, are also discussed later in the 
chapter. 


CONTROL CABLES. 


Figure 2-5 shows how the elevator and aileron control 
cables are routed through pulleys to connect the for- 
ward linkage from the control stick to the linkage 
at the mixer assembly. The elevator linkage and con- 
trol cables are on the left side (looking forward) and 
the aileron linkage and control cables are on the right 
side (looking forward). Note that each of the four 
cable assemblies consist of two cables joined together 
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Figure 2-3. Mixer Assembly and Control Linkage 
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with turnbuckles. The terminal ends of the cables are 
attached to the forward and aft bell cranks with bolts 
and self-locking nuts. 


Cable Tension. 


As you know, metals contract and expand when ex- 
posed to changes in temperature. For this reason con- 
trol cable tension must be set at a value (in pounds) 
established for the degree of temperature existing at 
the time the cables are being installed or reinstalled 
in the airplane. The diameter of the cable must also 
be considered in establishing this value. These values 
have been predetermined and can be found by refer- 
ring to the cable tension chart in the applicable Е-102А 
maintenance handbook, Т.О. 1Е-102А-2-7. The above 
mentioned handbook also outlines in a step-by-step 
fashion а procedure for rigging the control cables. 


Lubrication Of Control Cables. 


A protective coating of corrosion-resistant compound 
for the full length of the cables and also lubrication 
of cables in areas of pulleys is required at periodic in- 
tervals. Again refer to the above mentioned handbook 
for the time intervals and the type of compound and 
lubricant used on the cables. 


ELEVONS. 


Each elevon is attached to the trailing edge seructure 
of the delta wings by seven hinge bolts. Each elevon 
is actuated by two hydraulic actuators, one on the in- 
board end (inside the fuselage), and the other near 
the outboard end on the wing lower surface. The in- 
board elevon horn assemblies are attached to the in- 
board ends of the elevons with eight special bolts; 
the horns extend into the fuselage where they аге con- 
nected to the inboard actuating cylinder rod ends, The 
horn cranks are also attached to the tubing and actu- 
ator support fittings by a single bole around which 
the crank is free to pivot. 


The elevons are stressed-skin, aluminum structures 
with a front spar and full and half ribs, and are de- 
signed to flex at approximately midspan to conform 
to the wing contour as it flexes under airloads. 


Access doors are provided at the elevon attach fittings 
and on the left and right sides of the fuselage at the 
inboard elevon actuators. The outboard elevon actu- 
atots are enclosed with a removable fairing. Removal 
and installation procedures of the elevons as well as 
maintenance and lubrication requirements are dis- 
cussed at the end of this chapter. 


ELEVON CONTROL SYSTEM OPERATION. 


As you recall, there are three modes or ways of con- 
trolling the F-102A elevons in flight. These are. the 
Direct Manual, Manual, and Automatic Flight Control 
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modes. As stated before, the elevon control system re- 
ceives hydraulic power from. the primary and sec- 
ondary hydraulic systems to supply power to the hy- 
draulic control valves. In the Direct Manual mode of 
control, che pilot's control stick motion is transferred 
through mechanical linkage to open the elevon con- 
trol valves. The control valves then port hydraulic 
fluid to the elevon actuating cylinders to move the 
elevons in the amount and direction as indicated by 
the pilot's stick movement. The mechanical followup 
linkage then reverses the initial motion of the control 
valve linkage and returns the control valve spool to 
neutral. This stops the elevons in a position corre- 
sponding to the pilot’s stick position. The elevons will 
remain іп this position until the pilot again moves 
the control stick. The elevons will move only when 
the stick moves and in the direction determined by 
the stick position. If the pilot should release the stick, 
the centering springs will return the system to trim 
position. 


In the Manual and Automatic Flight Control modes 
of operation, the control linkage moves the elevons 
in response to signals from the damper system. We 
will now discuss in detail the elevon control system 
operation in each of the three modes of control. 


OPERATION IN THE DIRECT MANUAL MODE. 


As you learned earlier, the Direct Manual mode is 
the method of flight control wherein the pilot has 
direct control of the airplane and only his contro! 
motions result in a change of course or attitude. When 
the control stick is moved fore and aft, it produces 
elevator motion. When the stick is moved to either 
side, it produces aileron motion, Both elevator and 
aileron motion may also be effected simultaneously 
for climbing or descending turns. Movement of the 
control stick is transmitted through mechanical link- 
age to the mixer assembly shown on figure 2-6. The 
function of this mixer assembly is to transmit linkage 
movement іп proportionate amounts to the bell crank 
at each elevon. When the elevon bell crank rotates in 
either direction, it displaces the elévon control valve 
in a corresponding direction. The mixer assembly 
crank moves the elevon control rods in fore and aft 
directions only, in response to either aileron or eleva- 
tor stick controlled movements. 


Fore and aft movement of the stick results in a fore 
and aft movement of the mixer assembly and further 
results in equal movements being transmitted through 
the linkages to the elevon control valves. The elevons 
then move equally in the same direction to produce 
elevator action. 


Differential motion of the elevons, that is elevons 
moving in opposite directions for aileron control, is 
initiated by moving the control stick to either side. 
Side motion of the stick is then transmitted by control 
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rods and belf cranks to the right hand control cable 
assembly. The cable assembly, in turn, actuates the 
bell crank opposite the mixer assembly. Now note 
that the bell crank is connected to the forward leg ‘of 
the mixer assembly by à control rod and transmit the 
pilot's stick motion to rorate the mixer bell crank as- 
sembly for aileron action. The mixer bell crank is at- 
tached to the cradle assembly with a single bolt around 
which it is free to rotate. Side motion of the forward 
end of the leg results in opposite forward and aft 
movement of the cross member ends of the mixer bell 
crank. Since the ends of the cross members are at- 
tached to the elevon control rods, one rod will there- 
fore move forward while the other rod will move aft. 
This will result in the mechanical linkage moving one 
control valve spool forward and the other will, at the 
same time, be moved aft a like amount. The elevons 
will then move in opposite directions for aileron ac- 
tion. The design of the mixer assembly is such that it 
can provide elevator and aileron movements in ap- 
propriate amounts for climbing or descending turns. 


In figure 2-7 you can see the elevon control assembly 
on the right side of the fuselage, inboard of the elevon. 
(The control assembly on the left side is identical.) 
'This view shows how the mechanical linkage actuates 
the hydraulic components to move the elevon in the 
Direct Manual mode of operation. Note that the ele- 
von control rod from the mixer assembly is connected 
to the lower end of the afr elevon bell crank. The up- 
per shaft on the elevon bell crank is connected to the 
control valve; also, the shaft to the control valve forms 
a yoke around the lockout valve. The lockout valve is 
attached to the airplane structure and the yoke рег» 
mits the shaft to move forward and aft without com- 
ing in contact with the valve. The lockout valve is a 
component of the Automatic Flight Control mode of 
control and functions to lock the shaft and "lock out" 
the pilot's control. movements to the elevon during 
automatic control, This mode of control will be dis- 
cussed later. 


'The servo actuator is also à component connected to 
the shaft from the elevon bell crank to the control 
valve. The servo actuator, in the Manual and Auto- 
matic Flight Control modes of control, moves, the ele- 
von control valves for elevon damping and automatic 
control. The function of the servo actuator will also 
be discussed later. In the Direct Manual mode of con- 
trol, the servo actuator merely acts as a rigid link be- 
tween the elevon bell crank and the control valve. 
Since the servo actuator and the lockout valve do not 
function during the Direct Manual mode we can con- 
sider the rod berween the bell crank and the control 
valve as being a solid shaft, directly linking the bell 
crank and the control valve. 


As we discussed previously, pilot movement of the 
control stick is transferred through linkage to the 
mixer assembly for elevator, aileron, or coordinated 
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elevator and aileron movement for descending or 
climbing turns. The mixer assembly actuates the ele- 
von control rods to transmit the appropriate move- 
ment to the elevon bell crank. The bell crank in turn 
actuates the shaft to the control valve which opens 
and ports hydraulic fluid to the elevon actuating cyl- 
inders. The actuating cylinders then move the elevons 
to a position corresponding to the pilot's stick position. 


Movement of the shaft toward or away from the con- 
trol valve (о which the shaft is attached moves the 
spools of the control valves. Аз the spools move, they 
port the pressurized fluid to the actuating cylinders 
of the elevon and also open ports to the return side of 
the power supply systems. The direction away from 
neutral that the spools move determines the direction 
in which the elevon actuating cylinders move the 
elevon. 


Тһе two illustrations, figures 2-8 and 2-9, show the ас- 
tion of the mechanical linkage in directing the con- 
trol valve to move from neutral and then return to 
neutral. Figure 2-8 shows the direction the bell crank 
moves when responding to a push from the mixer 
assembly. The arrows indicate the direction in which 
the crank moves ánd how it rotates around the pivot 
point. (Note that the pivot point of the crank is at- 
tached to the elevon horn.) The rotation of the shaft 
around its pivot point moves the shaft to displace the 
control valve spools. The spools then admit hydraulic 
fluid to the elevon actuating cylinders. The inboard 


‘actuating cylinder (attached to the upper elevon horn) 


retracts its cylinder to move the elevon UP. (The out- 
board actuating cylinder, attached to the lower elevon 
horn, extends at the same time for elevon UP move- 
ment.) 


Figure 2-9 shows how the control spool is returned 
to its neutral position. The bottom of the bell crank 
is now being held in a rigid position by the pilot-held 
control stick and serves as thé pivot point, As the top 
of the elevon horn moves forward, the lower part of 
the horn to which the bell crank is attached, moves aft. 
Since the lower end of the bel! crank is being held in 
a rigid position, the upper portion is moved aft with 
the horn to pull the control valve spool back to its 
neutral position. Аз a result of this mechanical follow- 
up linkage action, the control valve spools automati- 
cally arrive at their neutral position at the same time 
the elevons arrive at the position determined by the 
pilots stick movement. 


Action of the elevon cylinders reverses the initial 
ment of the control valve by the pilor through this fol- 
Jowup action. The elevons remain in the position de- 
termined by the pilot-held control stick until the pilot 
again moves the stick, ac which time the cycle of mo- 
tion and stabilization at another position is again 
accomplished. When the control valve spools return 
to neutral, they port an equal, though restricted, flow 
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Figure 2-8. Elevon Mechanical Action, Initial Motion 


to both sides of the cylinder pistons, thus locking both 
pistons in the actuating cylinders so that they are im- 
movable and hold the control surface rigidly in posi- 
tion. Trim and artificial feel forces are introduced into 
the control system through the mechanical linkage. 
These systems are discussed later in this chapter. 


OPERATION !N THE MANUAL MODE. 


As you will recall, the Manual mode of control damps 
pilot-initiated movement of the elevons to some de- 
gree. The servo actuator responds to signals from the 
damping system to correct for slight pitch variations 
to maintain stability. In Chapter IV, you will Jearn 
that placing the flight mode selector switch in the 
MANUAL position completes a circuit which sends 28- 
volt, d-c power to energize the unlock solenoid in the 
elevon servo actuator shutoff valve; che shutoff valve 
then opens and supplies hydraulic pressure to the servo 
actuator, Тһе servo actuator is now hydraulically en- 
ergized and is free to move in response to signals from 
the damping system. Earlier we discussed how, in the 
Direct Manual mode of control, che servo actuator 
merely acts as a rigid link in the control shaft from 
the elevon bell crank to the contro! valve (shown on 
figure 2-7). Now the servo actuator partially displaces 
the control valve and thus moves the elevons for any 
stabilization corrections chat may be required. 
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When hydraulic power is supplied to the servo actu- 
ator, the actuator begins to respond to the servo ampli- 
flier signals from the damping system. The actuator 
piston then extends or retracts, which ever is appro- 
priate. Since the actuator piston shaft is a part of the 
link between the elevon bell crank and the controt 
valve, this movement shortens or lengthens the link 
to position the spool in the control valve. This action 


then results in appropriate elevon movement to damp 
pilot-initiated movement of rhe elevons. 


In other words, (һе pilot flies the airplane in the 
Manual mode as he does in the Direct Manual 
mode; thé only difference is that in the Manual mode 
minor stabilization corrections are made automatically 
through the servo actuator on signals from the damp- 
ing system. If the pilot were required to make manual 
control corrections at high speed, he would be apt 
to overcontrol too much in the opposite direction 
and therefore increase an unstabilized condition. The 
damping system anticipates needed corrections before 
the pilot is aware corrections are necessary. 


The damper system servo amplifiers continually sup- 
ply signals со the torque motors in the servo actu- 
ators, but until hydraulic power is supplied from the 
shutoff valve, the servo actuator does not respond. The 
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Figure 2-9. Elevon Mechanical Action, Follow-Up Motion 


amplifier is ОМ at all times on a standby basis when 
electrical power is available and the circuit breakers 
are engaged. 


Тһе servo actuator receives power from the secondary 
hydraulic system. Should the secondary hydraulic sys- 
tem fail, operation in the Manual and Automatic 
Flight Control modes is not possible. The servo actua- 
tor piston is centered by its centering springs in event 
of secondary hydraulic system failure and the actuator 
again becomes a rigid link in che system. The аіс- 
plane may still be controlled by che primary hydraulic 
system through pilot control in the DIRECT MAN- 
'UAL mode of operation. 


OPERATION IN THE AUTOMATIC FLIGHT 
CONTROL MODE. 


When operating in the Automatic Flight Control 
mode, the pilot can devote his attention to the opera- 
tion of the fire control system. We will not attempt 
to explain the Automatic Flight Control System in de- 
tail, because an entire chaprer is devoted to it later in 
'this supplement. However, we will concern ourselves 
with the mechanical and hydraulic functions of the 
Components as they respond to electrical signals from 
the AFCS. 


Like the Manual mode of operation, the servo actuator 
is the means by which the elevons are moved in the 
Automatic Flight Control mode of operation. Unlike 
the Manual mode, however, the pilot is "locked out" 
from direct control of the elevons in this mode. 


As you have learned, a lockout valve is attached to the 
airplane structure in line with the linkage со the ћу- 
draulic control valve. The lockout valve is surrounded 
by a yoke which is a part of the control linkage be- 
tween (һе elevon bell crank and the hydraulic control 
valve as shown on figure 2-7. In the Direct Manual 
and Manual modes of operation, the yoke moves wich 
the control linkage since it is a part of the linkage. 
Іп the Automatic Flight Control mode however, the 
yoke is the means by which direct pilot control of the 
elevons is locked out. When the pilot selects the Auto- 
matic Flight Control mode of control, he engages the 
AFCS ENGAGE switch to route 28-volt, d-c power to 
energize a solenoid on the lockout valve. Opening 
of the solenoid valve permits hydraulic pressure to 
actuate the lockout valve and extend two plungers 
against the inside ends of the yoke. Since the body 
of the valve is attached to the airplane structure, the 
control shaft can no longer move and the pilot is 
locked out from direct stick control. The pilot can, 


35 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


Í — PILOTS 
| CONTROL 
STICK 


—pnA h 


SECONDARY 
HYDRAULIC 
SYSTEM 


| re PRIMARY 
= HYDRAULIC 
SYSTEM ` 


і CONTROL 
VALVE 


ГО гвтмбтўза 


—— —— — MECHANICAL ACTUATION 


ELEVON 


OUTBOARD У | 
ACTUATING Й 
CYLINDER 


INBOARD | 
ACTUATING 
CYLINDER 


SERVO в 
ACTUATOR | 


BELLCRANK ' 


HYDRAULIC ACTUATION 


Figure 2-10. Elevon System Diagram 


however, overpower the lockout valve when necessary 
by exerting a force of approximately 20 pounds on 
the control stick. 


The AFCS components then act automatically to con- 
trol the movement of the elevons. The servo actuators 
are energized hydraulically and are free to answer 
electrical signals from the damping system to control 
elevon movement. When a signal is received from the 
damping system for a course or attitude correction, the 
Servo actuator extends or retracts its shaft to move 
the hydraulic control valve spools and port hydraulic 
fluid to the elevon actuators. 


Although the pilot is locked out from direct control 
of the elevons, means of varying the stabilized attitude 
of the airplane are provided by a trim switch, located 
on the pilot's control stick. The trim switch operates 
through the AFCS components and not through the 
electrical trim actuators to effect trim changes; this 
is called the “Веер” trim. 


Тһе mechanical followup linkage we discussed earlier 
is now replaced by an electrical feedback system. This 
feedback system moves the control valve to stop elevon 
movement when the desired displacement has been 
reached. 
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Damping signals from the AFCS are superimposed on 
the elevons through the damping system to insure 
stability. The airplane remains in the attitude estab- 
lished by the pilot at the time of AFCS engagement, 
except when a bank angle of less than 5 degrees exists; 
in that case, heading control engages and the plane 
rolls out as required to maintain heading. When ап 
angle of bank greater than 5 degrees exists at time of 
engagement, heading control does not engage and roll 
contro! functions to maintain the bank angle. 


А detailed discussion of the lockout valve and its main- 
tenance is given later in this chapter; Automatic Flight 
Control mode discussed in Chapter V. We should also 
mention here that the rudder control system does not 
include a lockour valve as does the elevon system, 
therefore the rudder is always at the command of the 
pilot regardless of the mode of operation. AFCS 
components not only control movement of the ele- 
vons automatically, but also provide turn coordination 
movements for the rudder. 


ELEVON HYDRAULIC SYSTEM. 


Full hydraulic power is supplied to the right and left 
elevon flight control systems from the primary and 
secondary hydraulic power supply systems. The right 
elevon hydraulic system is shown in the block dia- 
gram on figure 2-10; the left elevon hydraulic system 
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Figure 2-11. 
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12 1: PRIMARY HYDRAULIC. SYSTEM RETURN ` 
: 2. SECONDARY HYDRAULIC - SYSTEM. PRESSUR 
З. SECONDARY HYDRAULIC SYSTEM PRESSUR 


Figure 2-12. Elevon Hydraulic Flow Diagram 


is identical. The mechanical action from the control 
stick and the actuating cylinders is represented by dot- 
ted lines; hydraulic actuation from the primary and 
secondary hydraulic systems is represented by solid 
lines. Both the primary and the secondary hydraulic 
systems supply power by way of the control valve to 
the inboard and outboard actuating cylinders at the 
elevons. Note however, that the secondary system also 
supplies power to other hydraulic components in each 
elevon control system. These components are the servo 
shutoff valve, the servo actuator, and the lockout valve. 
These components operate only when the Manual and 
Automatic Flight Control systems are engaged. 


Pilot control of the elevons is by means of a conven- 
tional control stick and the mechanical positioning of 
the hydraulic control valves. The control valves in turn 
meter primary and secondary hydraulic fluid to the 
control surface actuating cylinders (rams) to move the 
elevons. The elevons move only as long as the pilot 
moves the control stick. When pilot movement of the 
control stick stops, a mechanical followup mecha- 
nism neutralizes control forces іп the hydraulic control 
valve. The valve then equalizes fluid pressure in the 
actuating cylinders, causing the control surface move- 
ments to stop, The posicion in which the elevons stop 
is determined by the position at which the pilot stops 
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the control stick. Operation of the pilot's control stick 
is (іе 'зате as any conventional airplane. 


SYSTEM OPERATION. 


Since the elevon systems on both the left and right 
sides of the airplane are identical, only the hydraulic 
operation of one system is described here. Note in fig- 
ure 2-11 that pressurized fluid is routed from the pri- 
mary system (lower center of schematic) to one sec- 
tion of the control valve. The fluid passes through 
the primary section of the control valve when the valve 
is displaced, and then to the primary section of each 
actuating cylinder. Now, note how fluid from the 
secondáry system (shown at top center of schematic) 
passes through its side of the control valve and on 
to its section of the actuating cylinders. Note also that 
hydraulic pressure from both systems does not enter 
the corresponding cylinders in the two actuating cyl- 
inders, since hydraulic pressure іп the outboard суі- 
inder extends the piston rod while pressure in the in- 
board cylinder retracts the piston rod. The outboard 
cylinder piston rod connects to a horn below the cen- 
terline of the elevon while the inboard cylinder piston 
тод connects to a horn above the elevon centerline 
(see figure 2-12). Therefore, retraction of one cylinder 
rod and extension of the other rod moves the elevon 


E 


in the same direction. The details of how these cyl- 
inders function and why this method of operation is 
used will be explained when we discuss the actuating 
cylinders. Š 


Та addition to supplying power to the acruating cyl- 
iindecs, the secondary hydraulic system also supplies 
power to other components in the control system. 
Note how another line branches off the secondary 
System pressure line and is routed through the shutoff 
valve (shown at top of schematic). This valve controls 
fluid to the elevon servo actuator and the lockout valve. 
Note thar because of the location of the shutoff valve 
in the line, fluid cannot be admitted to the lockout 
valve unless it is also admitted to the servo actuator. 
With this in mind, noté also that the servo actuator 
may be energized hydraulically, but that the lockout 
valve solenoid can at the same time prevent fluid from 
energizing the lockout valve hydraulically. These com- 
binations of control, as we learned earlier, are used 
in varying ways during different phases of operation. 


ELEVON HYDRAULIC ACTUATING CYLINDERS. 


Dual hydraulic actuating cylinders and full hydraulic 
‘power are used to move the contro! surfaces. The hy- 
draulic power is supplied simultaneously from boch 
the primary and the secondary hydraulic systems. This 
is accomplished by the internal arrangement of the 
actuating cylinders. 


Inside the cylinders two power pistons are mounted 
on a single piston rod and ace within two separate 
sections of the cylinder bore. The piston rod is sealed 
svith two O-rings at the point where ir passes through 
the center partition of the cylinder bore. This prevents 
interflow of fluid from one hydraulic system to the 
other when both sides are pressurized. Also, а small 
drain hole drilled in the housing between the two 
O-rings permits any leakage due to a defective O-ring 
to drain off, thus preventing build-up of back pres- 
sure on the other O-ring. As you know, an inboard 
and an outboard cylinder are provided for each elevon, 
and the rod ends of these cylinders are attached to 
the inboard top and outboard bottom elevon horns. 
'The inboard and outboard cylinders are hydraulically 
€ross-connected as shown in figure 2-12. So, when posi- 
‘tioning the elevon, one cylinder rod extends while the 
other retracts, 


Unbalanced Design of the Elevon Cylinders. 


Їл figure 2-12 note that in the secondary (forward) side 
of the cylinder shown in the cutaway view, the piston 
fod attaches only to one side of the piston. Now note 
that the piston in the primary (aft) side of che cylinder 
has «һе rod passing completely through it and into 
the secondary side of the cylinder. The piston rod 
attaches to both sides of the primary piston and to 
lone side of the secondary piston. It occupies a per- 
centage of the total piston area that would otherwise 
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be presented to fluid pressure. The forward side of 
the secondary system piston has no rod attached to it 
so its whole area on that side is presented to fluid 
forces. Therefore, there is an unequal area presented 
to the fluid forces. This unequal area presented to the 
fluid forces causes a greater force to be exerted in the 
piston rod extend direction than in the rod retract 
direction by an amount equal to the operating pres- 
sure times the piston rod area of the retracting piston. 


In other words, the fluid has more area to work against 
if the rod 15 not there, and therefore can push harder 
—do more work. Both the outboard and inboard cyl- 
inders operate on the same principle. Therefore, since 
the piston rods of the inboard and outboard cylinders 
move in opposite directions to produce the same ele- 
von movement, one cylinder is always providing more 
work thrust than the other. In one direction of elevon 
movement the outboard cylinder does тоге work; in 
the other direction, it is the inboard cylinder. Às you 
can see in figure 2-12, when the elevon is moving 
down, the inboard cylinder is doing more work than 
the outboard cylinder; when the elevon is moving wp, 
the outboard cylinder will do more work. 


Since one actuating cylinder is attached to the out- 
board bottom horn of the elevon and the other со the 
inboard top horn of the elevon, the elevon is forced 
slightly out of alignment at its trailing edge by the 
unequal thrust. The thrust is just enough to present 
a slightly twisted control surface to the airstream. One 
purpose of this relatively small twisting movement, or 
windup force, is to assist in overcoming any tenden- 
cies toward flutter or other unstable characteristics. 
The main purpose of this inequality of forces, how- 
ever, is to take up the accumulation of slack in the 
various mechanical linkages to each actuating cylinder. 
This helps to prevent excessive wear of the linkage 
and prevents lag and jerkiness in the system. 


FLUID FLOW TO THE CYLINDERS. 


Referring again to figure 2-12, follow the directional 
arrows indicating fluid flow when the elevon is mov- 
ing down. Also follow the arrows on the cylinder pis- 
ton rods near the elevon horns denoting mechanical 
movement. Note also that there are four hydraulic 
lines connected to each cylinder. These lines connect 
to both cylinders and to the control valve. Át the top 
center of the control valve, note the cluster of lines 
numbered 1, 2, 3, 4, 5, and 7. These lines are the 
pressure and return lines from and to the main pri- 
mary and secondary systems, which are the source of 
fluid pressure for the elevon systém. 


Nore also the mechanical actuator of the control valve, 
numbered 6. When the valve is operated mechanically, 
two spools inside move a тай amount and allow the 
pressure from the main hydraulic system to actuate the 
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cylinders. From the crossed-over lines between the cyl- 
inders and from the flow direction arrows, note that 
when fluid pressure is ported to the extend side of 
one cylinder, the return lines are also crossed over so 
that the return fluid flows in a similar way. Аз an 
example, on figure 2-12 note the line coming out of 
the control valve at the upper rigbt side. This line 
extends to a tee which branches in two directions—to 
the right side of the secondary piston of the upper 
cylinder, and to the left side of the secondary piston 
of the bottom cylinder. Tracing the flow arrows in 
this part of the system, you can see that when pressure 
is admitted into these lines by the control valve, they 
will route pressurized fluid to the sides of the pistons 
described above. The primary side of the cylinders is 
pressurized in the same manner, and at the same time. 


Since the inboard cylinder is attached to the top horn 
and the outboard cylinder to the bottom horn, and 
since the cylinders move. in opposite directions from 
each other because of the crossed lines, they both push 
the elevon in the same direction. Remembering the 
unbalanced feature of the cylinders though, we know 
now that the inboard end of the elevon will be pushed 
down harder than the outboard end. The elevon re- 
tains the established twist in its trailing edge when it 
is returned to neutral or moved up, because the out- 
board cylinder will then be pushing harder than the 
inboard cylinder. 


You can trace the arrows in figure 2-12. and see that 
when the inboard cylinder is pushing its piston and 
rod toward the elevon and the outboard cylinder is 
pulling its piston and rod away from the elevon, the 
return fluid from the return side of the pistons will 
be pushed through the control valve and to thé main 
hydraulic systems again. When the cylinders reverse 
the direction of the elevon, the return sides of the 
pistons become the pressure sides, and the sides that 
are now pressurized. become the return sides. 


ELEVON HYDRAULIC CONTROL VALVE. 


The elevon hydraulic control valve is actually two 
valves in one—it controls both primary and secondary 
hydraulic system fluid to its respective actuating су!- 
inder. This complete valve assembly consists mainly 
of two selector spools, two bypass valves, and four 
fluid ports for each hydraulic system. Figure 2-13 
shows a cutaway view of one side of a control valve 
—the other side is identical. The valve spools are 
linked together mechanically at one end so that both 
valves stroke uniformly and meter an equal amount of 
primary and secondary system fluid to each side of 
the actuating cylinders. 


Note that the valve selector spool shown incorporates 
a bypass valve which is built into the control valve 
body. The other spool (not shown) also incorporates 
a bypass valve and is identical to the one shown. (Also 
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see figure 2-11.) These bypass valves are incorporated 
to provide a low-resistance flow path through the valve 
if one side becomes inoperative. For example, when 
one hydraulic system—say the primary—becomes in- 
operative, the other system can stil] move the actu- 
ating cylinder pistons, thus. causing the piston in the 
inoperative side of each cylinder to move its existing 
static fluid through the inoperative side of the con- 
tro! valve. If the bypass valve were not incorporated, 
the static fluid on the inoperative side would be forced 
across the lands of the spool. ‘This is a relatively high- 
résistance flow path, and would cause damage to the 
system. 


Control Valve Operation. 


When both systems are in their normal operating 
condition (and they would seldom, if ever, be other- 
wise), both hydraulic systems are supplying equal pres- 
sure to their respective sides of the actuating cylinders. 
Mechanical actuation of the valve is instigated either 
by direct pilot action of his controls, or by the servo 
actuator when іс receives an electrical impulse from 
the damper system. The normal flow and action of 
one of the valve spools is shown in the upper sche- 
matic of figure 2-13. You can see that normal pressure 
із passing through the spool area in an equal amount 
to both sides of the cylinder piston. In the upper view 
of the operating positions, the spool is shown in posi- 
tion Мо. 1. This would move the spool to your left 
and allow full pressure to leave port No. 1. In this 
position return fluid from the actuating cylinder can 
flow through the control valve to return Мо. 1. 


If the spool is moved in the opposite direction to posi- 
tion No. 2, the pressure and return flows would be 
reversed. Note that when the spool is in the neutral 
position, the spool lands allow equal pressure past 
their inside edges to both Мо. 1 and Мо. 2 ports 
in equal amounts. This locks the cylinder pistons in 
the position they have been placed in at the moment. 
Тһе only thing that will move them from this position 
is movement of the spools as described above. 


In the upper schematic, note that system pressure en- 
tering the valve is routed to the back of the bypass 
valve and holds the bypass valve to the right. In this 
position thé valve closes the bypass passage between 
port No. 1 and port No. 2. Now in the lower sche- 
matic a condition is set up which shows how the by- 
pass valve functions. Here system pressure is inopera- 
tive and the control valve spool is displaced for elevon 
movement. Моге that pressure Мо, 1 is now static (по 
pressure). Movement of the actuating cylinder by the 
remaining operating system causes fluid in the inop- 
erative side of the cylinder to be displaced from. one 
side of the piston to the other. This displaced fluid 
entering the control valve moves the bypass valve to 
the left, thus allowing pressure to bypass through the 
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valve between port Мо. 1 and port No. 2. The bypass 
valve will remain in this position until system pressure 
again enters pressure No. 1. 


Maintenance. 


Тһе valves are machined to very close tolerances, and 
any clogging in che valve body or particles of foreign 
matter around the spools affects the performance of 
the actuating cylinders. During maintenance, these 
conditions may be detected by sluggish response to 
motion of the control stick. Also, defective O-rings 
may cause leaking, which of course affects control 
performance too. If control is slaggish and hydraulic 
pressure is up to standard in the system, the control 
valve is the most likely uhit to be suspected. Replace- 
ment of the unit is the remedy. 


To remove a faulty valve, you should first make sure 
that there is no pressure in che two hydraulic systems, 
then you can disconnect the eight hydraulic lines from 
the valve. 'The four center lines which connect to the 
top of the valve must be removed completely to allow 
the valve to be lifted out of position. Therefore, mark 
or tag the lines in some manner so that you will know 
where they go when you reinstall them. Also cap or 
plug all openings in disconnected tubing and com- 
ponents when working on any part of a hydraulic sys- 
tem. This is to insure that no foreign matter or mois- 
ture enters the system. 


After removing or disconnecting the tubing, discon- 
nect the push-pull shaft of the servo actuator from the 
control valve by removing its connecting bolt and nut. 
Do not disturb the shaft adjustment оп the servo 
actuator. АП that remains to be done then is to re- 
move the mounting bolts from the valve and lift the 
valve out of its position. 


Installation of a new valve is the reverse of the re- 
moval procedure; that is, the new valve is bolted in 
posicion, the push-pull shaft is connected to the servo 
actuator shaft, and the tubing is reinstalled. The new 
valve comes pre-adjusted for neutral position and 
throw of the spools and wil! be identical to the old 
valve in adjustments. Therefore, it should not be neces- 
sary for you to disturb the adjustment stop on the 
quadrant. However, always install a rigging pin in 
the rigging hole, shown on figure 2-13, so that the 
valve mechanism is held rigid when connecting the 
push-pull shaft to the servo actuator. Always be sure 
that you remove this pin when you complete the 
installation. 


This description has pointed out the highlights of 
the valve replacement. Refer (о your F-102A Main- 
tenance Manual for detailed step-by-step instructions 
and checkout procedure for the system after valve 
replacement. 
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Servo Actuator. 


Figure 2-14 shows the servo actuator as it appears in 
the control shaft. This actuator is comprised of а 
spring-loaded pilot spool, a spring-loaded slave piston, 
an electrical torque motor, and flow passage restrictors. 
In the illustration note how the shaft connects to che 
elevon control valve (also see figure 2-13). This shaft 
is part of the slave piston shown in the lower sche- 
matic view. When signals come from the damping 
system, this shaft can move either in or out about 
0.045-inch maximum depending on the corrective sig- 
nal received. The 0.045-inch movement can displace 
the control valve spools about V$-inch, or 1/16-inch 
on either side of neutral. Thus you can see that this 
valve affects elevon movement to a very small degree 
(one degree maximum on each side of neutral during 
damper system operation). 


Тһе other (aft) end of the servo actuator is rigidly 
connected to the control shaft so that pilot-initiated 
motion of the elevons still displaces the control valve 
as in the Direct Manual mode. On top of the actuator 
is the torque motor that receives the corrective signals 
from the damper system. 


Servo Actuator Operation. 


Earlier in this chapter you learned that the servo actu- 
ator cannot be energized hydraulically unless the shut- 
off valve is energized. Аз you will recall, in the Man- 
ual and Automatic Flight Control modes the shutoff 
valve is open, and the servo actuator is energized hy- 
draulically and is free to respond to electrical signals 
from the damping system to control flight. 


In the schematic diagram on figure 2-14, the servo is 
shown in the neutral position. Note that hydraulic 
pressure entering the actuator bleeds in around the 
center portion of the pilot spool and goes to the two 
nozzles at the flapper. When the torque motor is de- 
energized (no signal from the damping system), the 
flapper is an equal distance from the two nozzles. 
Pressure bleeding through the two nozzles then passes 
on out the return outlet. However, when the damper 
system sends an electrical signal to the torque motor, 
the torque motor moves the flapper toward one of the 
two nozzles in an amount equal to the intensity (volt- 
age) of the signal. As the flapper moves toward a noz- 
zle, a fluid pressure unbalance is set up at the pilot 
spool, thus causing the pilot spool to move to one side. 
Тһе pressure unbalance is set up because a back pres- 
sure is created at the restricted nozzle. 


Аз an example of this pressure unbalance at the pilot 
spool, let's suppose that the torque motor moved the 
flapper against the right nozzle. This flapper then re- 
stricts flow through the right nozzle, and, at the same 
time, in moving away from the left nozzle allows 
more flow through it. Pressure in the passageway be- 
tween the restricted right nozzle and the right end of 
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Figure 2-14, Elevon Servo Actuator 


the pilot spool is increased because of this restriction. 
This pressure increase causes the pilot spool to move 
to the left against the spring. Pressure, which in neu- 
tral bled past both sides of the pilot spool, now is 
diverted exclusively to the right end of the slave pis- 
ton (which is part of the servo actuator shaft) and 
moves the control valve spools away from neutral. This 
control valve repositioning admits fluid pressure to, 
and ports return fluid from, the appropriate sides of 
the elevon actuating cylinders. The elevon is thus 
moved to its new position to correct flight attitude. 


As the elevon actuating cylinders move, the feedback 
potentiometer connected to the cylinder (shown on 
figure 2-4) sends another electrical signal to the damp- 
ing system. The signal intensity depends upon the 
distance the cylinder moves. This second signal is of 
opposite electrical sign to the first signal and tends ro 
null it out. Тһе second signal thereby rapidly reduces 
the differential current (opposite current) to the 
torque motor to zero. Ás the two signals are balancing, 
they are moving the servo actuator flapper towards 
neutral. When the two signals are completely bal- 
anced, the flapper has returned to neutral, again equal- 
izing the fluid pressure on both sides of the pilot 
spool, chus causing the servo actuator slave piston to 
return to neutral. Consequently, the control valve 


spools have also been returned to neutral, but the 
elevon actuators have been locked in the new position 
called for by the original input signal to the torque 
motor. The elevon actuators stay in the new position 
because the return side of the control valve spools are 
at neutral, chus locking the fluid on each side of the 
actuating cylinder piston. The only way the actuating 
cylinders can move further out, or back to neutral, is 
for «һе control valve to again move to direct fluid 
pressure to che appropriate sides of cheir pistons. This 
control valve action, as you know, can either be origi- 
nated by damping signals through the servo actuator 
or by pilot initiated motion. 


Maintenance. 


If the servo actuator does not function properly, or not 
at all, you should first check to see if signals are being 
received from the damping system. To do this, you 
should check with the maintenance personnel in 
charge of the automatic flight control equipment. 
They can tell you if signals are arriving аг the servo 
actuator. If signals are being received, then the trou- 
ble is in the actuator. In this case, you would replace 
the entire servo actuator assembly. 


Troubles in the actuator would either be electrical ог 
hydraulic. If the electrical circuitry and torque motor 
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Figure 2-15. Elevon Lockout Valve and Yoke 


is satisfactory, and the secondary hydraulic system is 
delivering proper fluid pressure го the servo, then 
leaks or restrictions within the servo would cause the 
trouble, If exterior leaks are causing actuator mal- 
function, you may be able to correct the difficulty 
without replacing the actuator. If a leak is discovered 
in the fittings, remember to return the hydraulic pres- 
sure to zero before attempting to tighten or replace 
the fittings. A fitting could crack while being tight- 
ened and cause personal injury if the line were 
pressurized. 


To remove a faulty servo actuator, you must first re- 
turn the hydraulic system pressure to zero. You will 
then disconnect the two flex hoses from the servo, 
disconnect the electrical fitting, and remove the bolt 
connecting the push-pull shaft to the control valve 
mechanism. After everything has been disconnected, 
the servo is removed by unscrewing the knurled collar 
nut from the back end of the assembly. 


Before installing the new unit, you must first install 
two rigging pins in the system linkage. The forward 
pin inserts in the rigging pin holes іп the control 
valve quadrant. These pin holes are located in the 
forks immediately above the point where the servo 
push-pull shaft connects to the elevon control valve, 
as shown in the illustration, figure 2-14. To instail 
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the aft rigging pin, you must first remove the upper 
push-pull rod connecting bolt from the aft elevon bell 
crank assembly attached со the elevon horn. With the 
bolt removed and the elevons in the neutral position, 
you can push the rigging pin through the bell crank 
and rod until it enters the hole in the end of the 
elevon horn pivot bolt outboard of the bell crank. 


Now you can install the servo assembly on the end of 
the push-pull control shaft and safety wire the knurled 
collar. With the rigging pins still in place, you then 
connect the actuator shaft to the control valve quad- 
rant. If che actuator shaft connecting point is too far 
forward or too far aft, making it difficult to install 
the Бојс, loosen the lock nut on the shaft and adjust ics 
length to suit so that the connecting bolt can be 
installed. Don't forget to tighten and re-safety the 
lock nut. The flex hoses and the electrical connector 
can then be attached and the rigging pins removed. 
Again refer to your Е-102А maintenance Т.О. for the 
step-by-step instructions on actuator replacement and 
checkout procedures for the system. 


Elevon Lockout Valve. 


In figure 2-15 you can see how the lockout valve is 
installed. Note that it extends up from the airplane 
structure and through the yoke of the control shaft. 


"This valve cannot be energized hydraulically unless 
the auromatic flight control system is engaged. The 
shutoff valve which hydraulically energized the servo 
actuator also routes hydraulic pressure to the lockout 
valve, The lockout valve consists of a lockout valve 
solenoid and two plungers as shown in the hydraulic 
schematic on figure 2-11. When the automatic flight 
‘control system is engaged, the solenoid is energized 
and allows hydraulic fluid to enter the lower part of 
ithe lockout valve. This hydraulic pressure extends the 
two plungers that lock the control shaft so chat motion 
is not transmicted from che control stick to the elevon 
control valve. The pilot can, however, overpower this 
valve when necessary by exerting approximately 
20-pounds overcontrol to the stick. 


The maintenance of this valve is comparatively simple. 
If the plungers do not extend when the automatic 
flight control system is engaged, or do not retract 
when the system is disengaged, you should first deter- 
mine that power is reaching the solenoid for its opera- 
tion. If power is at the solenoid and secondary hy- 
draulic system pressure is up to standard, then the 
lockout valve is malfunctioning and will require 
replacement. Do noc try to disassemble this valve to 
correct for malfunctioning; instead, replace it. 


Hydraulic Elevon Package (HEP) Valve. 


The HEP valve has been mentioned in preceding sec- 
tions of this chapter. You learned that the HEP valve 
incorporates the servo shutoff valve, the lockout valve, 
the elevon servo actuator, and the elevon control valve 
in one package. Figure 2-16 shows the HEP valve and 
its external connection. If you will compare figure 
2-16 with figure 2-7, you will note the absence of the 
above mentioned components іп the HEP valve аг- 
rangement. The four hydraulic lines connected to the 
top ports of the valve are the input and return lines 
from the primary and secondary hydraulic system; 
there is an input and a return line for each system. 
Тһе four hydraulic lines connected to the bottom 
ports of the valve are routed to the inboard and 
outboard actuators for the elevon. Two of these lines 
carry the primary hydraulic system input and return 
fluid to extend or retract the elevon actuators. Each of 
these primary lines is tapped so that there is a primary 
system input and return to both the inboard and out- 
board elevon actuators. 'The other two lines connected 
to the bottom ports of the HEP valve are the second- 
агу system lines to the elevon actuators. They, too, 
аге tapped to provide a secondary system input and 
return line to each of the inboard and outboard 
elevon actuators. 


Іп figure 2-16, the torque motor is shown on the side 
of the HEP valve facing the viewer. Note the rods 
from the mixer tee to the aft elevon bell crank (ак 
élevon tie-rod) and from the elevon bel! crank to the 
HEP valve (the pilot input rod). The pilot input rod 
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is connected to a pivoted side arm. This side arm is 
connected by a rod to another pivoted side arm on the 
opposite side of the valve. The movement of both side 
arms is coordinated by the rod. 


HEP Valve Operation. 


Figure 2-17 is a schematic of che HEP valve and the 
right-hand inboard and outboard elevon actuators. 
The left-hand system functions in the same manner. 
In the schematic we see the torque motor valve, che 
shutoff valve and its unlock solenoid, the control 
valve, and the lockout valve and its associated pistons. 
The function of the HEP valve, to control the appli- 
cation of hydraulic pressure to the elevon actuators, 
is centered in the control valve. The control valve 
consists of a single spool and two independent end 
sections. The spool is centered becween two high-rate, 
preloaded, compression springs and is displaced me- 
chanically by pressure from the side arms against the 
end sections. Notice the parallelogram arrangement 
by which pilot input is coordinated in both side arms 
by a connecting rod. The fourth side of the parallelo- 
gram is the control valve. Note that each side arm of 
the parallelogram is displaced about a pivot. 


The control valve spool is moved hydraulically by 
pressure controlled by the torque motor valve. This 
pressure is applied to the valve spool ends and is 
independent of the mechanical input. In the Manual 
mode of control, this pressure is determined by pitch 
damper system signals and is added to the mechanical 
pilot input to move the valve spool. In the Automatic 
Flight Control mode, the pressure controlled by the 
torque motor valve is determined by AFCS signals 
which are fed to the pitch damper system to control 
its output to che torque motor. In the Automatic 
Flight Control mode, the hydraulic pressure controlled 
by the torque motor valve is the only force acting on 
the control valve spool; the pilot input or mechanical 
control is locked out. 


At this point, let us consider what happens when the 
control valve spool is displaced. We are nor concerned 
with how it is displaced; we will determine chac when 
we consider HEP valve action in the Manual, Direct 
Manual, and Automatic Flighr Control modes. Figure 
2-18 shows an internal view of the HEP valve, The 
valve spool is in its neutral position, shutting off the 
input and return ports to che primary and secondary 
systems. Suppose that the spool is moved to the right 
sufficiently to open both the primary and secondary 
input ports. Primary and secondary hydraulic system 
input pressure is chen applied to the primary down 
elevon line and secondary down elevon line, respec- 
tively. The down elevon pressures cause the elevon 
actuators to move the elevons downward. Аг the same 
time that the two input ports are opened, two of the 
four return ports are opened. The primary and sec- 
ondary system мр elevon lines are now hydraulically 
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Figure 2-17. HEP Valve Elevon Control Schematic 
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connected ro the return ports and serve to return (һе 
fluid displaced by down elevon-actuator action to the 
respective systems. You can see the displacing and 
the return flow to and from the elevon actuators by 
again referring to figure 2-17. 


If the control valve spool is moved to the /eft sufficiently 
from its neutral position, it will again open the primary 
and secondary input ports and the two other return 
ports. But this time input pressure is channeled to the 
ир elevon lines, and the down elevon lines serve as re- 
turn lines. 


In the Direct Manual mode, displacement of the con- 
trol valve spool is effected only by pilot input and the 
parallelogram linkage which moves the valve end sec- 
tions and springs in a push-pull action. The valve spool 
then controls the application of primary and secondary 
System pressures to the elevon actuators, 


Іп the Manual mode, damper system control of the 
HEP valve is superimposed on pilot control. Damper 
system control is applied through the torque moror 
valve. To understand the function of the torque motor 
valve, we refer again to figure 2-17. Tracing the second- 
ary hydraulic system input to the HEP valve, observe 
that this input is applied to the shutoff valve (in addi- 
tion to the control valve). In the Direct Manual mode, 
the shutoff valve blocks secondary system flow to the 
torque motor valve and bypasses this flow through the 
shutoff valve unlock solenoid to the secondary system 
return line. In the Manual (and in Automatic Flight 
Control) mode of operation, the unlock solenoid is en- 
ergized by the engagement of the pitch and yaw damper 
systems. The shutoff valve is then opened by its unlock 
solenoid and passes the secondary system input to the 
torque motor valve. With the torque motor flapper in 
its centered postion, equal secondary pressure is present 
at both ends of che control valve spool and at the noz- 
zles of the torque motor valve. When a pitch damper 
system signal is applied to the torque motor, (һе flapper 
closes one of the two nozzles. The hydraulic balance at 
the torque moror valve is upset and an increased pres- 
sure is applied to one end of the control valve spool. 
Тһе spool then opens its ports го direct hydraulic pres- 
sures to the.elevon actuators. 


As the signal applied to the torque motor from the pitch 
damper system diminishes, the torque motor flapper is 
returned to its neutral position by springs (shown in 
figure 2-18). In the Manual mode of operation, it should 
be understood that hydraulic pressure controlled by che 
torque motor and mechanical pressure from the pilot 
input linkage can both displace the control valve spool 
simultaneously. The hydraulic and mechanical pres- 
sures are simply added together. 


In the Automatic Flight Control mode, AFCS signals 
control the output of the pitch damper system (Баг is 
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fed to che torque motor. In this mode che corque motor 
valve operates in the same manner that it did in the 
Manual mode. To make the torque motor valve che 
only source governing control valve action, pilot input 
is locked out in the following manner. When AFCS is 
engaged, the pitch and yaw damper systems are already 
engaged (or AFCS would not engage). Therefore, the 
shutoff valve will be open and secondary hydraulic 
system pressure will be present at the torque motor 
valve and also at the lockout valve. At AFCS engage- 
ment the lockout valve solenoid is energized and the 
lockout valve is thus opened. The secondary hydraulic 
system pressure present at the lockout valve is then 
applied to the lockout pistons. As a result, the lockout 
pistons are extended against the side arms of the par- 
allelogram linkage, holding them rigid and forcing 
the parallelogram linkage and, therefore, the control 
valve spool, co a neutral position. No mechanical pilot 
input displacement of the control valve spool can then 
normally be made. However, a mechanical override 
provision is iacorporated in che lockout components 
to permit the pilot to regain manual control of the 
aircraft should any failure of the shutoff or lockout 
velves occur. Mechanical input of a force slightly 
greater than the lockout load displaces the lockout 
piston. 


There is one other function of the HEP valve which 
has an important bearing on complete engagement of 
the AFCS. That function is provided by the Jockout 
Switch and its cam on one of the lockout piston rods. 
This arrangement is provided on each of the two 
HEP valves (one for the right elevon and the other 
for the lefr elevon). The function of the lockout 
switches on each HEP valve is to make certain that 
both elevons are under AFCS full-authority control 
when in the Automatic Flight Control mode; that is, 
со prevent the condition wherein one HEP valve locks 
out méchanical feedback (correct AFCS operation), 
and the other HEP valve does not (permitting me- 
chanical feedback to counteract AFCS signals). When 
the lockout piston rods are fully extended, the arm of 
the lockout switch falls into a detent in the piston rod 
and the switch is closed. These lockout switches for 
both HEP valves are in series, and, when both switches 
are closed, che AFCS engage circuit in the damper 
systems will be completed. If the lockout switch аг 
either one of che HEP valves is nor closed by the ex- 
tended lockout piston rod, «ће AFCS engage circuit 
will not close and the AFCS will not engage. 


Maintenance. 


Maintenance of the HEP valve consists primarily in 
checking the hydraulic connections to the unir for 
leaks and the electrical input for faulty connections. 
Inspeccion of mechanical parts such as mounting bolts, 
pivot píns, and access plate bolts and lock wiring 
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Figure 2-18. Control Valve Operation 
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should be made periodically. No internal trouble shoot- 
ing should be performed. If the HEP valve is not func- 
tioning or is functioning improperly, check that elec- 
trical signals are being received from the damper sys- 
tem. Qualified personnel only should make this elec- 
trical check. If electrical input to the actuator is cor- 
rect, hydraulic input ro the ипіс should be checked, 
again by qualified personnel. If the electrical and ћу- 
draulic inputs to the HEP valve are correct, then the 
trouble is in the unit itself, The unit should be re- 
placed. lf external leaks are causing the valve to mal- 
function, you may be able to repair the leak, Return 
hydraulic pressure to zero before starting any repair 
work on hydraulic lines. 


To remove a faulty HEP valve, you should make sure 
that there is no pressure in the two hydraulic systems 
and that there is no electrical power applied to the 
valve, Detach the pilot input rod and disconnect all 
electrical input. Remove the hydraulic lines. from the 
top and bottom ports of the valve. Label the lines as 
you disconnect them to make sure that you reconnect 
them to the proper ports. Cap or plug all openings in 
the tubing after you have disconnected them to pre- 
vent any foreign matter from entering. After you have 
removed rhe hydraulic lines, you can then unscrew 
the mounting bolts and remove the valve. 


То install a HEP valve, you simply reverse the removal 
procedure. The preceding maintenance information 
is only intended to acquaint you with the mainte- 
nance approach. For specific maintenance instructions, 
refer to your F-102A maintenance handbook, T.O. 
1Е-102А-2-7. 


ARTIFICIAL FEEL SYSTEM. 


As you recall, we learned earlier in the chapter that 
it would be extremely difficult for a pilot to manually 
operate the control surfaces of a high speed, supersonic 
airplane without the aid of some power generating 
device. High forces imposed on the control surfaces 


as a result of this high speed, make it necessary (һас. 


the control surfaces be moved by a powered force. 
"This force is provided by hydraulic actuators to move 
the rudder and the elevons on the F-102À airplane. 


Тһе pilor's control stick and rudder pedals, therefore, 
аге not connected directly to the control surfaces, but 
act through linkage and control cables to position hy- 
draulic control valves; the control valves then meter 
pressurized hydraulic fluid to the actuating cylinders 
to position the control surfaces in proportion to stick 
and pedal movement. This arrangement isolates the 
pilot from the normal feel of the airloads on the con- 
trol surfaces, which he would feel were he directly 
connected го the control surfaces. Consequently, an 
artificial fcel system is required го simulate an airload 
condition. 
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This system of simulating airloads оп the control sur- 
faces is known as the Artificial Feel System. The func- 
tion of the feel system is to provide the pilot with feel 
forces which vary resistance to movement of the con- 
trol stick and rudder pedals. The feel system, chrough 
a combination of "Q" (ram air from the intake tubes 
on the vertical fin) pressure and pneumatic pressure 
acting on feel cylinders, determines what control stick 
and pedal forces shall exist for varying stick and pedal 
displacements, altitudes and airspeeds. The feel sys- 
tem is added to the mechanical linkage of the flight 
control system and uses both springs and programmed 
air to provide these feel forces. 


We will discuss the elevon feel system and the com- 
ponents that make up the system in detail in the fol- 
lowing paragraphs. The rudder feel system will be dis- 
cussed in the next chapter. 


ELEVON ARTIFICIAL FEEL SYSTEM. 


The elevon feel system is composed of separate systems 
for elevator and aileron control, The aileron feel sys- 
tem consists simply of a combined feel and centering 
spring cylinder as a part of the mechanical linkage of 
the aileron control system, This provides the pilot 
with aileron feel forces at the stick. The cylinder can 
also be pressurized by the high-pressure pneumatic 
system through the action of the roll rate limiter sys- 
tem to give additional forces to return the contro! stick 
to a neutral position. 


The elevator feel system is more complex and consists 

of a feel force cylinder, the "О" system loader, “О” 

(ram air) pressure system, an articulated link and 
M 

quadrant, and a "T" shaped bell crank. Low-pressure 

pneumatic system air is also used to provide motive 

power for one of the bellows in the "Q" system loader. 


How the Elevator Feel System Operates. 


Тһе elevator feel system is shown on the schematic 
diagram in figure 2-19. Note that the "Q" system 
loader receives "Q" pressure air from both the rudder 
and elevator intake tubes on the vertical fin, static air 
pressure, and. low-pressure pneumaric air, These air 
pressures are regulated in the “Q” system loader and 
supplied го the feel cylinder in amounts proportional 
to the speed of the airplane to provide the pilot wich 
normal feel forces at the stick, Both "О" incake pres- 
sures are equal and will vary with the speed of the 
airplane. The faster the speed, che higher the "Q" 
pressure, which results in more resistance put into (һе 
controls. 


You will remember that forward and aft movement 
of the control stick results in forward and aft move- 
ment of the mixer assembly to produce elevator action. 
Referring to the schematic, it can be seen that а "T" 
shaped bell crank is connected to the feel cylinder 
quadrant ас its aft end, and to the mixer assembly 
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and the centering spring at its forward arms. Also, it 
‘can be seen that as che mixer assembly is moved for- 
ward and aft, che Бей crank will pivot about its attach 
point at the cross of che "T"; this will cause the pin- 
connected joint of the aft leg of che “Т” crank to 
rotate in an arc as the mixer moves forward and aft. 
As the pin-connected joint rotates, the rotary motions 
are transmitted to the quadrant to which the articu- 
lated link is attached. This motion is always in the 
same direction regardless of the direction of motion 
of the "T" shaped bell crank. The motion will always 
result in а pull-force in the cable from the quadrant 
to the feel force cylinder. Since the “Q” pressures are 
operating against the "low side" (small area side) of 
the piston in the feel cylinder, as indicated by the 
arrows, the motion of the quadrant is resisted with a 
force that is proportional to the pressures in the feel 
cylinder. This force is felt by the pilot at the control 
Stick, since it is his movement of the stick that moves 
the mixer assembly and the “Т” shaped bell crank. 


Since the function and purpose of the feel system. is 
|9 provide the pilot with feel forces at the control 
stick, the feel forces must generally increase with air- 
speed. On the F-102A, howver, elevator effectivity is 
not directly proportional to airspeed. At high sub- 
sonic speeds the elevator effectivity decreases; that is, 
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Figure 2-19. Elevator Artificial Feel System Schematic 


more elevator deflection is required for a given amount 
of airplane response. Ав airspeed increases from this 
point, elevator effectivity again increases and the 
amount of elevator necessary for a given response de- 
creases. Consequently, the pressures scheduled into the 
feel cylinder must decrease for a period со allow the 
pilot to obtain more elevator through the region 
where elevator effectivity decreases, and then the 
scheduled pressures must increase again as the elevator 
effectivity increases. The problem, then, is to schedule 
pressures. into the feel cylinder that will simulate the 
forces that the pilot would normally feel (increase in 
feel forces with an increase in airspeed) were he di- 
rectly connected to the control surface. This is the 
function of the "Q" system loader which will be dis- 
cussed in the following paragraphs. 


Components of the System. 


As you recall, the components that make up the ele- 
vator feel system include the "Q" system loader, the 
feel force cylinder, and the “Q” pressure system. We 
will discuss these three items in more detail in the 
following paragraphs. The mechanical linkage of the 
feel system and how the system is introduced into the 
elevator control system was discussed in precediag 
paragraphs. 
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"Q" SYSTEM LOADER. This unit, as we learned, is 
a mechanism which, by means of a series of bellows 
and a cam, regulates and programs actual ram 70" 
pressure air into the feel force cylinder. The loader 
is located in the engine accessories compartment and 
consists of a shock mounted computer assembly and a 
valve assembly. Ports are provided in the loader for 
static air pressure, ram air pressure, low-pressure pneu- 
matic air, and regulated air pressure. No tubing is 
connected to the static port and the port should not 
be capped when the loader is installed іп the airplane. 
Тһе elevator "О" system loader receives "О" system 
pressure and "Q" pressure sensing from the рісог tubes 
on the leading edge of the vertical fin. "О" pressure 
from the elevator "О" pitot (lower tube) is metered 
or regulated by che loader's compurer section and ap- 
plied to the feel force cylinder. The computer section 
uses low-pressure pneumatic system air (engine bleed 
air) as a power source for operating the regulator 
valve. The applied "О" pressure air іп «һе feel cylinder 
is felt by the pilot as resistance to control stick move- 
ment. 


When the "Q" system loader is suspected of malfunc- 
tioning, as may be indicated by improper elevator sys- 
tem feel forces, the unit should be replaced with a unit 
known to be serviceable. If such a replacement is not 
available, a test may be performed to determine the 
serviceability of che unic installed. Your F-102A main- 
tenance handbook, Т.О. 1-FL02A-2-7, outlines the pro- 
cedure for conducting this rest; the handbook also 
outlines in a step-by-step fashion che procedure for 
removing and installing che "Q" system loader. 


FEEL FORCE CYLINDER. The elevator feel force 
cylinder is also installed in the engine accessories com- 
partment. The unit consists of a spring-loaded piston 
and cylinder assembly. Figure 2-20 shows the feel cyl- 
inder and linkage installation. Note how the cable 
passes chrough the hollow piston rod and is attached 
at the afr end of the rod. The forward end of the 
cable is atcached со the quadrant. The cylinder is pres- 
surized by variable air pressure from the "Q" system 
loader, as we just learned. This varying air pressure 
in the cylinder causes a varying force on the piston 
and is felt by che pilot as resistance to movement of 
the control stick in elevator motion. 


When the feel cylinder is being installed, the cable 
should be aligned ro center in the hollow cube. This 
can be accomplished by installing washers under the 
heads of attaching bolts at the forward end of che 
cylinder and by adjusting the curnbuckles at the ак 
end. The nuts on the aft end of the cable assembly 
are the means of adjusting the cable ro impose che 
proper preload on the feel cylinder. The nuts should 
be tightened until che cube bas moved М-їпсһ into 
the cylinder. Complete installation and removal pro- 
cedures of the feel cylinder are outlined in a step-by- 
step fashion in T.O. 1F-102A-2-7. 
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“О” SYSTEM INTAKE TUBES. You will nore by 
referring to the schematic diagram on figure 2-21 chat 
two intake tubes are installed on che leading edge of 
the vertical stabilizer. The tubes provide che source 
of "Q" (ram air) pressure and route the air to the 
elevator "О" system loader and rudder variable air 
pressure regulator in the elevator and rudder feel 
systems. The upper inlet tube supplies "Q" pressure 
air to the rudder pressure regulator, the airspeed com- 
pensator, and to the !4-іпсћ ram air inlet on the ele- 
vator "Q" system loader. The lower inlet tube sup- 
plies “Q” pressure air to the 34-inch ram air inlet on 
the elevator "Q" system loader. The intake tubes are 
electrically heated through the airplane anti-icing sys- 
tem. Care must be exercised when installing the intake 
tubes to insure that the tube couplings and electrical 
connectors are properly engaged. Refer to the F-102A 
maintenance handbook, T.O. 1F-102A-2-7, for removal 
and installation procedures. 


System Maintenance. 


If low control stick forces are experienced in the flight 
contro! system, the most likely cause would be a leak 
in the "Q" pressure system. À test procedure for 
checking the "О" pressure system for leaks is ош- 
lined in the applicable F-102A maintenance handbook. 
Leak tests must also be conducted whenever new or 
reinstalled equipment or lines are installed in the sys- 
tem. Another cause of low control stick forces could 
be malfuntioning of the elevator "О" system loader. If 
after conducting the leak test, the low stick force 
condition is not corrected, the "Q" system loader is 
probably malfunctioning and must be replaced with a 
unit known го be serviceable. If such a unit is пос 
available, a test may be performed to determine rhe 
serviceability of the unit installed. 


TRIM SYSTEMS. 


The elevons and the rudder on the F-102A airplane 
do not have conventional trim tabs. Trimming of che 
airplane is accomplished by electrical actuarors char 
move the entire elevon and rudder control surfaces. 
The elevon trimming is controlled by a five-position 
toggle switch located on the pilot's control stick for 
elevator and aileron trimming. Ап elevator trim servo 
system is also provided to automatically change eleva- 
tor trim to compensate for speed and altitude changes 
and speed brake extension in addition to the normal 
elevator trim function. 


Тһе elevator trim servo switch is located on the utility 
switch panel; when. the system is engaged, the switch 
will remain in the ON position. The trim systems are 
interconnected through rhe takeoff trim circuit to pro- 
vide a means of automatically trimming the airplane 
for takeoff. The takeoff trim switch is also located on 
the utility switch panel. Electrical power for takeoff 
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Figure 2-21. Elevator and Rudder ''Q'' Pressure System Schematic 


trim is routed through the nose landing gear UP posi- 
tion switch so that the system is inoperative when the 
airplane is airborne. 


WHY CONTROL SURFACES ARE TRIMMED. 


When an airplane is loaded in such a way that it is 
slightly nose-heavy, wing-heavy, or tail-heavy, the pi- 
fot must exert a constant pressure on the control stick 
or rudder pedals, in the opposite direction to offset 
these unbalancing forces. To relieve the pilot of this 
tiring effort, ailerons, elevators, and rudder are often 
provided with trim tabs. The trim tabs maintain the 
control surfaces in exact positions away from neutral 
to maintain balance in straight and level flight. This 
is accomplished by moving the trim tab in the opposite 
direction to that in which the primary control surface 
is to be moved. The airflow striking the trim tab 
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causes the main control surface to move to a position 
that will correct the unbalanced condition of the air- 
plane. А$ we have learned, the control surfaces on the 
F-102A airplane do not have trim tabs; instead, the 
entire control surface is trimmed to provide the neces- 
загу trim action for maintaining balance of the air- 
plane in straight and level flight. The following para- 
graphs will be devoted to a detailed discussion of the 
elevon trim system. We will discuss the system com- 
ponents and also learn how the system operates. 


ELEVON TRIM SYSTEM. 


Тһе elevon trim system consists of separate trim systems 
for the aileron and elevator trim, as well as the trim 
servo system. The takeoff trim system electrical circuit 
is also routed through the elevon and rudder trim 
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systems to trim the control surfaces for takeoff. We 
will discuss each of these systems individually for case 
of understanding. 


AILERON TRIM SYSTEM. 


The aileron trim system consists simply of the elec- 
trica] trim actuator connected in series with the feel 
and centering spring. The actuator shaft is attached 
to the aft aileron bell crank at the shaft rod end, while 
rhe actuator body is attached to the airplane structure, 
as shown on figure 2-22. When the five-position toggle 
switch, located on the pilot's control stick, is posi- 
tioned for aileron trim, 28-volt, d-c power is routed 
to the aileron trim actuator. Aileron trim motion, is 
then introduced into the control system through the 
aileron feel and centering spring to the aileron bell 
crank, then through the push-pull contro! rod to the 
mixer assembly. The mixer assembly and control link- 
аде transfer the trim motion to the hydraulic control 
valve to meter hydraulic fluid to the elevon actuator. 
Тһе elevons then move to the trim position. Since trim 
is imposed against the feel and centering spring, this 
causes the system to center at the trimmed position, 
In aileron trim, the entire elevon surface is moved 
differentially to trim the airplane about its roll axis; 
that is, one elevon moves up while the other is mov- 
ing down. The schematic on figure 2-23 illustrates 
schematically the aileron electrical trim circuit. 


‘Aiteron Trim Actuator. 


The aileron trim actuator is located inboard of the 
mixer assembly at the aft aileron bell crank. The actu- 
ator consists of four internal switches (two limit 
switches and two position switches) and a reversible 
d-c motor to drive the actuator shaft. The two limit 
switches protect the motor by interrupting the circuit 
when the actuator reaches the fully extended and the 
fully retracted positions. The two position switches 
determine the neutral position of the actuator and pro- 
‘vide the connections to drive the actuator to its neutral 
position for takeoff trim. 


Ав we have learned, the aileron trim actuator is еп- 
ergized when the switch on the control stick is posi- 
tioned for aileron trim. The trim actuator is also en- 
ergized when the takeoff trim switch is actuated and 
the trim actuator is not in its neutral position. Power 
то the takeoff trim circuit is routed through the nose 
landing gear UP switch so that the system is inop- 
erative when the airplane is airborne. A procedure for 
adjustment of the internal limit switches is outlined 
in T.O. 1F-102A-2-7. 


ELEVATOR TRIM SYSTEM. 


"Normal elevator trim action is controlled by the five- 
‘postion toggle switch located on the pilot's control 
‘stick. The switch is spring-loaded to the center or off 
position, When the pilot positions the switch for ele- 
vator trim, 28-volt, d-c power is routed to the elevator 


FLIGHT CONTROL SYSTEM 


AILERON CABLES 


AILERON 
POSITION 
POTENTIOMETER 


ROD TO MIXER 
ASSEMBLER 


AILERON 
CENTERING 
SPRING 


AILERON 

TRIM 

ACTUATOR 
81м511843 


Figure 2-22. Aileron Trim System Perspective 


trim actuator; the trim actuator then repositions the 
elevons through the mechanical linkage to provide the 
desired trim. When the trim switch is returned to the 
neutral position, elevator movement stops. 


Тһе elevator trim actuator is installed between the 
mixer assembly and the cop leg of the elevator feel 
system bell crank, as shown on figure 2-24. The ele- 
vator trim system also consists of additional compo- 
nents to provide longitudinal stability functions, and is 
referred то as the Trim Servo System, This system pro- 
vides (һе means of automatically changing the eleva- 
tor trim to compensate for speed and altitude changes 
and speed brake extension, in addition to normal ele- 
vator trim functions. The elevator trim electrical cir- 
cuit diagram is shown schematically on figure 2-25. 
Details on the elevator trim system and components 
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Figure 2-23. Aileron Trim Circuit Schematic 


will be discussed in the following paragraphs as we 
learn how the elevator trim system operates. 


Elevator Trim System Operation. 


When the pilot places the trim switch in the elevator 
"p or elevator down position, the elevons are reposi- 
tioned to provide the desired elevator trim for the 
airplane. 'The trim switch routes 28-volt, d-c power to 
the elevator trim actuator which then extends or re- 
tracts the electrical trim actuator shaft. As shown іп 
the elevator trim system illustration (figure 2-24), the 
trim actuator is installed between the mixer assembly 
cradle and the top leg of the feel system “Т” bell 
crank; the lower leg of the “Т” bell crank is attached 
to the centering spring. Since the centering spring is 
preloaded, and the force required to move. the cradle 
assembly and the linkages to che elevon contro] valves 
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is less than that required to move the centering spring, 
the mixer assembly cradle will move when the trim 
actuator shaft extends or retracts. The cradle assembly 
motion is then transmitted through the control link- 
age to open the hydraulic contro] valves. The control 
valves then meter hydraulic fluid to the elevon actu- 
ators to move the elevons to the desired trim position, 
as determined by the forward or aft movement of the 
mixer assembly cradle. The followup mechanism closes 
the control valves when the elevons are positioned to 
the elevator trim position selected by the pilot. When 
the pilot selects the Automatic Flight Control mode 
of control, the trim switch operates through the AFCS 
components instead of chrough che electrical trim actu- 
ators to effect rhe trim changes; this is called the 
"Beep" control. 
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Figure 2-24. Elevator Trim System Perspective 


Моге on figure 2-24 che two elevator auto trim switches 
mounted on the left side of the elevator feel bell crank. 
The switches provide automatic trim followup when 
the airplane is operating in «Бе Automatic Flight Con- 
irol mode of flight. When (һе AFCS is engaged, d.c 
power is routed to the switches by the aileron channel 
relay located іп the aft electronic compartment, Ele- 
уагог motion of the elevons causes a displacement of 
the elevator feel bell crank. This bell crank movement 
actuates the switches which then route power to the 
elevator crim actuator. The trim actuator then follows 
elevator movements to extend or retract the actuator 
shaft. This action of the shaft rocates the feel bell 
crank arm of the articulated link toward the neutral 
feel point. This prevents violent airplane response if 
the AFCS is disengaged at a time when a large dis- 
placement of the mechanical control from the neutral 
feel point exists. 


ELEVATOR TRIM ACTUATOR. As you have learned, 
the elevator trim actuator is installed between the afc 
end of the mixer assembly and the feel system bell 
crank, The actuator consists of a reversible d-c motor 
and four internal switches, The motor, of course, 
drives the actuator shaft; (һе four internal switches 
consist of two limit switches which interrupt the cir- 
cuit when the actuator reaches its travel limits, and 
two position switches which determine the takeoff po- 
sition of the actuator, A position potentiometer is an 
integral part of the actuator and provides feedback 
signals to the elevator trim servo system. The elevator 
trim actuator is energized by 28-volt, d-c power con- 
trolled by either the elevator trím switch on the con- 
trol stick, che elevator trim servo box, or the elevator 
auto-trim switches. The actuator isalso energized when 
the takeoff trim switch is actuated and the trim actu- 
ator is not positioned to the correct elevator trim for 
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Figure 2-25. Elevator Trim Servo Circuit Schematic 
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itakeoff. A procedure for adjustment of the internal 
limit switches is outlined in your F-102A maintenance 
handbook, T.O. 1F-102A-2-7. 


‘ELEVATOR TRIM SERVO SYSTEM. 


Before we discuss the trim servo system it may be well 
"то have an understanding of the purpose of the system. 
А peculiarity of the F-102A airplane is that, as the 
airplane accelerates or decelerates through the high 
subsonic speed range, a condition occurs called "stick 
lightening." In most airplanes, in order to maintain 
level flight with an increase in airspeed, the pilot must 
hold a forward force on the stick or increase the trim 
of the airplane in the nose-down direction by use of 
the trim controls. With a decrease in airspeed, he must 
normally hold a back-stick pressure or trim nose up 
to maintain level flight. The F-102A, however, does 
not respond in this manner to an increase or decrease 
in airspeed in the high subsonic or supersonic speed 
range. Through a portion of the speed range, an in- 
crease in airspeed results in an increased need for up 
elevator trim. As a result of this peculiarity, a device 
called the Trim Servo System is installed to compen- 
sate for chis tendency. 


The elevator trim servo system, therefore, provides the 
means of automatically changing elevator trim to com- 
pensate for speed and altitude changes and speed brake 
extension, in addition to a normal elevator trim func- 
tion. The trim servo system consists of a pressure ratio 
transducer, an altitude compensating unit, a servo am- 
plifier, a circuit to the elevator trim actuator which 
incorporates a feedback potentiometer, and a synchro- 
nization circuit. 


Operation Of The Trim Servo System. 


The engagement of the elevator trim servo system is 
controlled by a solenoid held switch on the utility 
panel. The switch is placarded STANDBY and ON. 
' When the servo system is not engaged, 28-volt eleva- 
tor trim signals are routed to che elevator trim actu- 
ator when the pilot places the trim switch on the con- 
trol stick in the NOSE UP or NOSE DOWN positions. 
When the trim servo system is engaged, electrical sig- 
nals proportional to airspeed and altitude are routed 
‚ from the pressure ratio transducer to a servo amplifier 
in the elevator trim position control box. Another sig- 
nal, proportional to speed brake extension, is routed 
from the speed brake potentiometer to the servo ampli- 
fier in the control box. These error signals are summed 
and amplified, and then routed to the elevator trim 
actuator, causing the actuator to move. А feedback 
signal from the trim actuator potentiometer cancels 
out the error signal when the actuator. reaches the 
correct position and the actuator movement stops. 


As you remember, the actuator moves the mixer as- 
sembly in a forward or aft direction; this movement 
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in turn is transmitted through the linkage to the hy- 
draulic control valve, which then meters hydraulic 
fluid to the elevon actuators to position the elevons 
for the desired elevator trim. If the pilot desires addi- 
tional trim, he may again actuate the trim switch on 
the control stick. Actuation of the trim switch by the 
pilot energizes an override relay іп the control box 
to disconnect power from the auto-trim control relay, 


The auto-trim relay re-routes power directly to the 
trim actuator to provide elevator trim. The auto-trim 
relay also connects the error signals coming from the 
control box to a power-driven potentiometer in the 
control box. Motion of the trim actuator changes the 
feedback signal from the actuator potentiometer and 
thereby upsets the balance of the error signal. This 
unbalance of the error signal drives the power driven 
potentiometer to again cancel out the error signal, 
thereby zeroing the trim servo system at the trim set 
by the pilot. When the trim switch is released, the 
servo system resumes command about this new point 
of reference, 


Takeoff Trim Circuit. 


Тһе aileron, elevator, and rudder trim systems аге іп- 
terconnected through the takeoff trim circuit to pro- 
vide a means of automatically trimming the airplane 
for takeoff. The takeoff trim circuit is shown sche- 
matically on figure 2-26. The TAKEOFF TRIM switch 
is located on the utility switch panel. When the switch 
із actuated, 28-volt, d-c essential power drives the ai- 
leron and rudder trim actuators to a neutral position 
(if the actuators are not in a neutral position) and the 
elevator trim actuator to a five-degree ир elevator 
position. The takeoff trim circuit is routed through 
the nose-wheel steering circuit breaker panel, through 
the nose landing gear wp position switch, to the aileron 
trim actuator. 


When the aileron trim actuator reaches the neutral 
position, the neutral position switches гоше power 
to the elevator trim actuator. When the elevator actu- 
ator reaches the five-degree vp elevator position, the 
position switches route power to the rudder trim actu- 
ator. Then, when the rudder trim actuator reaches the 
neutral position, the internal switches route power to 
the takeoff trim indicator light to indicate that the con- 
trol surfaces are trimmed at the takoff position. When 
the takeoff switch is released, the light will go out. 
Since the power is routed through the nose landing 
gear ир position switch, the takeoff trim system is in- 
operative when the airplane is airborne. 


MAINTENANCE OF THE ELEVON 
CONTROL SYSTEM. 


Maintenance problems of various parts of the elevon 
control system were discussed throughout the chapter. 
You learned that the best way to handle a maintenance 
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Figure 2-26. Takeoff Trim Circuit Schematic 
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problem is to refer to the trouble shooting tabular 
lists іп your F-102A maintenance handbook, Т.О. 


“1Е-102А-2-7. These lists outline the probable cause of 


а malfunction and corrective measures to be taken. 
'The above mentioned handbook also establishes pro- 
cedures for removal, installation, and adjustment of 
the control system components, in ада топ to informa- 
tion concerning ground servicing and lubrication of 
the control system. 


Trouble shooting should begin at the power systems. 
Make sure that the control systems are receiving power 
from the separate sources involved before trouble 
shooting the contról systems or their components. Also, 
before replacing a component that is suspected of mal- 
functioning, make sure that the component is receiv- 
ing power. 


OPERATIONAL CHECKOUT AND TESTING. 


То maintain the operating efficiency of the F-102A 
flight control system and to insure that all parts of the 
system are functioning within specified limits, you 
will be required to perform operational checkout and 
testing of the system and its components. Operational 
checkouts are performed after reinstallation or re- 
placement of any component, after а malfunction of 
the system has been corrected, and at established peri- 
odic intervals. If any malfunctions are encountered 
during the operational check of the system refer to 
the Trouble Shooting tabular list as explained above. 
Your F-102A maintenance handbook also outlines in 
a step-by-step fashion, a procedure established for per- 
forming the operational check and testing. 


Before performing the operational check on the flight 
control system, certain preparations must be made, 
safety precautions must be taken, and certain condi- 
tions must be observed. These steps are discussed in the 
following paragraphs. 


Pre-Check Preparations. 


Preparations that you will be required to perform be- 
fore an operational check of che control system include 
a visual inspection of che system for obvious errors in 
installation, clearances, cracks, distortion, and security; 
providing a portable hydraulic test stand and connect- 
ing the stand to the primary and secondary hydraulic 
systems of the airplane; connecting external electrical 
power to the airplane electrical system; and providing 
a controllable source of dry, filtered air or nitrogen. 


Safety Precautions. 


lt will be your responsibilty to see that all areas 
adjacent to movable control surfaces and components 
are cleared of all objects and personnel before per- 
forming che operational check. Also, station personnel 
at switches and controls that will be powered when 
you connect external electrical power or hydraulic 
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power to the airplane; this will prevent inadvertent 
actuation of the system and its components that would 
endanger personnel or damage equipment. 


Conditions To Be Observed. 


As you will recall, a portable hydraulic test stand 18 
required to perform an operational check of the con- 
trol system. When this test stand is used, it must be 
connected to both the primary and secondary hydraulic 
systems. If this is not done, pressure in the secondary 
system alone. will cause the pressurized hydraulic fluid 
to bleed through interconnecting components to the 
primary system. 


Before performing an operational check of the con- 
tro] system, be sure that the trim systems are properly 
rigged. Ап improperly rigged trim system will ad- 
versely affect the proper functioning of the control sys- 
tem. In other words, an operational check of the crim 
systems must be performed before an operational check 
of the control system. 


REPLACING THE ELEVONS. 


Each elevon, as you have learned, is attached to the 
left and right delta wing by seven hinge bolts. Access 
doors are provided at the hinge points on (һе lower 
surface of each elevon, above the hinge centerline on 
the fuselage to provide access to the elevon actuator 
and to the control valve actuating rods, and on the 
inboard upper and lower elevon surface to provide 
access to the elevon horn attach bolts. The outboard 
elevon actuators are enclosed with a removable fair- 
ing to provide access to the actuators. А bonding 
jumper is installed ас each elevon hinge assembly and 
is detached from the elevon hinge when removing the 
elevon. Elevon removal and installation procedures arc 
outlined in a step-by-step fashion in T.O. 1F-102A-2-7, 
your maintenance handbook. 


During installation of the elevon and at established 
time intervals, lubrication of elevon components is 
necessary; also, elevon attach and linkage bolts must 
be torqued to specified values. Refer to the above men- 
tioned handbook for components that require lubrica- 
tion, the type of lubricant specified, the time interval 
when lubrication is required, and for specified bolt 
torquing values. Figure 2-27 shows the left elevon and 
its attachment points. The right elevon is similar. 


RIGGING THE ELEVON CONTROL SYSTEM. 


The basic requirement of the rigging procedure is to 
maintain the mechanical and hydraulic components in 
a neutral positicn while rigging the system. The neu- 
tral position of the system and its components is 
maintained by inserting rigging pins in the rigging 
pin holes provided in the system components and the 
airplane structure. The rigging pin holes in the sys- 
tem components and the airplane structure, when 
properly matched and locked in this position with the 
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migging pins, maintain the system in neutral. For con- 
yenience, the elevon control system rigging is broken 
down into three parts: First, elevator system rigging 
which includes the forward portion of the control sys- 
tem concerned with elevator action, the elevator por- 
tion of the mixer assembly, and the elevator trim and 
feel system. Second, aileron system rigging which in- 
dludes the forward portion of the controls system con- 
cerned with aileron action, the aileron portion of the 
mixer assembly, and the aileron feel and trim system. 
And third, the aft portion of the system in which ai- 
Jeron and elevator action are combined. Portions of 
the system between points fixed by rigging pins or 
digging fixtures may be rigged independently of the 
test of the system. However, care must be taken to 
insure that elevator and aileron neutrals are established 
where this is applicable. 


Rigging of the elevon control system should be per- 
formed whenever a component has been removed from 
the system and replaced or reinstalled. After rigging 
ЧЁ the system is complete an operational check must 
Бе performed to insure that all parts of the system 
are functioning within specified limits. Before per- 
forming an operational check of the elevon control 
system, be sure that the trim systems are properly 
rigged. An improperly rigged trim system will ad- 
versely affect the proper functioning of the elevons. 


Before rigging the control system, make sure that hy- 
draulic pressure is relieved from the hydraulic system 
and the accumulators. No specific rigging procedures 
will be given in this training supplement. Refer to 
your F-102A maintenance handbook, where you will 
find the rigging procedure outlined in a step-by-step 
fashion. 


SPECIAL TORQUE VALUES. 


АП bolts that connect the various linkages and secure 
the components in the control system must be torqued 
to specified values. Torque values, as you probably 
know, are the measurement (in inch-pounds or foot- 
pounds) of how much torque can be applied to a 
wrench to tighten a bolt or other type of fastener. 
The force applied is dependent on the diameter of the 
bolt and the material of which the bolt is made. Spe- 
cjal-type wrenches called "torque wrenches” are used 
to apply this measured force. One type of torque 
wrench has a dial indicator to measure the amount of 
torque applied; there are other types also. Torque 
values are established to prevent undertorquing or 
overtorquing à fastener. Too tight is as bad as not 
tight enough. If you overtorque a bolt for example, 
you stretch the bolt beyond its elastic limit. The bolt 
either breaks or weakens to the point whére it is not 
doing its job. Overtorquing can also distort the ma- 
сегізі under the bolt head or nut. No torque values 
will be given in this training supplement: Refer to 
your F-102A maintenance handbook for the specified 
tórque values. 
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LUBRICATION OF THE SYSTEM. 


Various components of the control system require lu- 
brication during installation and at other specified in- 
tervals. Refer to your applicable Е-102А maintenance 
handbook for these lubrication requirements. Lubrica- 
tion charts іп the handbook specify the type of lu- 
bricant to be used and the time intervals at which the 
various components of the control system require lu- 
brication. The charts also indicate, by visual refer- 
ence, the points to be lubricated and any special type 
equipment that will be needed. 


EMERGENCY OPERATION OF FLIGHT 
CONTROL SYSTEM. 


There аге no emergency provisions directly incorpo- 
rated within the flight control system. However, there 
are indirect emergency systems governing the power 
sources. А$ you remember, hydraulic power is supplied 
to the control system through two completely inde- 
pendent systems, the primary and secondary hydraulic 
systems. Maneuverability, however, is reduced when 
operating on only one system; the Automatic Flight 
Control System and the pitch and yaw damper sys- 
tems will not function if the secondary hydraulic sys- 
tem becomes inoperative. Ап emergency hydraulic sys- 
tem is provided to supply power to the primary system 
in the event of an engine pump failure. 


The electrical power systems provide two sources of 
emergency electrical power. Ап emergency a-c gen- 
erator supplies power in the event the normal a-c деп- 
erator fails, while the battery supplies d-c power in 
the event of a d-c generator failure, Since the AFCS 
and the pitch and yaw damper systems receive power 
from nonessential buses, which are disconnected in 
emergency operation, the systems are automatically 
disengaged during an electrical power failure. 


SUMMARY. 


The first chapter of this supplement was’ concerned 
with the basic theory of flight controls and a general 
description of the F-102A flight control system. You 
were made aware of the differences that exist between 
a more conventional-type of airplane and the F-102A 
airplane. 


In this chapter you learned about the elevon control 
system and how it operates, and also how the elevons 
function as both ailerons and elevators, We also dis- 
cussed the mechanical and hydraulic components and 
their function within the control system, the artificial 
feel system, and the trim system. The last part of the 
chapter was devoted to a discussion of maintenance 
procedures, including operational checkout and test- 
ing, and rigging of the elevon control system. In the 
following chapter, you will learn about the rudder 
contro] system on the F-102A airplane. 
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SUMMALY шани 


Іп the preceding chapter you learned about the elevon 
control system and how the elevons combine elevator 
&nd aileron motion in a single pair of elevons to con- 
trol the airplane about its longitudinal (roll) and 
lateral (pitch) axes. You also learned that it would be 
extremely difficult for a pilot to manually operate the 
control surfaces of a high-speed, supersonic airplane 
without the aid of some power genérating device. 
High forces imposed on the control surfaces, generated 
by high speed, make it necessary that the control sur- 
faces be moved by a powered force. This force is pro- 
vided by hydraulic actuators to move the elevons and 
the rudder on the F-102A airplane. 


In this chapter you will learn about the rudder con- 
trol system and how it operates, the mechanical and 
hydraulic components and their functions within the 
system, the artificial feel system, and «һе trim system. 
Тһе last part of the chaprer will be devoted to a dis- 
cussion of operational checkout, maintenance, and rig- 
ing of the rudder control system. The pitch and yaw 
damper systems and the automatic flight control sys- 
tem, as applied to rudder control, are discussed only 
briefly in this chapter; however, the systems are dis- 
cussed fully in following chapters. 


REVIEW OF FLIGHT CONTROL SYSTEM. 


Before getting under way with a discussion of the 
rudder control system іс may be well to have a brief 
review of the flight contro] system on the Е-102А air- 
plane. This can serve two purposes; first, refresh your 
memory about what has been said before, and second, 
bring to your attention again the various components 
that make up the flight control system. 


Тһе flight control system on the F-102A airplane is а 
full hydraulic power system in which ай control sur- 
face motion, inovement of elevons and rudder, is ac- 
complished by hydraulic actuating cylinders. Hydrau- 
lic power to operate the actuating cylinders is pro- 
vided by the primary and secondary hydraulic systems. 
Each actuating cylinder, two on each elevon and one 
on the rudder, has two hydraulic chambers and two 
pistons operating one ram shaft so that either one or 
both of the two separate hydraulic systems can operate 
the flight control surfaces. In normal operation both 
hydraulic systems are used at the same time. The two 
systems provide a safety factor in the event that one 
of che hydraulic systems should fail. 


There are three modes of operation that control the 
movement of the rudder and elevons—Direct Manual, 
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which permits pilot movement of the conventional 
control stick and rudder pedals; Manual, which in- 
cludes automatic damper signals to the hydraulic servo 
actuators in addition to pilot control; and Automatic 
Flight Control, which utilizes a fully automatic flight 
system that also operates through the servo actuators. 


Тһе elevons and rudder on the F-102A airplane do 
not have conventional trim tabs. Normal trimming is 
obtained by movement of the whole control surface. 
An electrically actuated trim system is incorporated 
in the mechanical linkage so that airplane trim is 
superimposed оп the pilot's controlin other words, 
the trim set into the control system is maintained ге- 
gardless of pilot control movement, The elevon trim- 
ming action is controlled by a five-position toggle 
switch ой the control stick. Тһе rudder trimming ac- 
tion is controlled by a three-position toggle switch on 
the utility switch panel at the pilot's pedestal. 


An artificial feel system is also incorporated in the 
mechanical linkage of the control system. This arti- 
ficial feel system is necessary since the airloads im- 
posed on the control surfaces cannot be felt through 
the hydraulic actuating cylinders that move the соп- 
trol surfaces. The artificial feel is put into the flight 
control system by the feel cylinders in the mechanical 
linkage. Air that enters through the "О" (ram air) 
intakes on the vertical stabilizer is amplified by pneu- 
matic system air pressure through the variable air 
pressure regulators to control air pressure to the feel 
cylinders. The system resists movement of the controls 
with a force thar is relative to airplane speed and alti- 
tude to provide a feel in the control system. The faster 
the airplane flies the more tension the feel cylinder 
puts into the control system. 


DESCRIPTION OF RUDDER CONTROL 
SYSTEM. 


Тһе components and linkage of the rudder control 
system are shown in the schematic diagram on figure 
3-1, The rudder control system, like the elevon control 
system is hydraulically powered. Note that the con- 
ventional rudder pedal mechanism incorporates a pi- 
lot-to-pedal length adjustment, brake control cylinder 
linkage, and nose wheel steering linkage. A system of 
bell cranks and cables transmit pilot pedal motion aft 
to the vertical torque tube in the fin island below the 
vertical fin. Rotation of the vertical torque tube actu- 
ates linkage to open the hydraulic control valve; the 
control valve then ports hydraulic fluid through drilled 
passages to the actuating cylinder to move the rudder. 


In the Manua! and Automatic Flight Control modes of 
control, the servo actuator responds to signals from 
the yaw damper system to dampen the pilot's control 
movements and also to initiate appropriate rudder 
movement to coordinate turns, The servo actuator, con- 
trol valve, actuating cylinder, and the followup mecha- 
nism are mounted as one assembly in the fin island. The 
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piston end of the actuating cylinder is attached to the 
airplane structure and the cylinder fixed end is at- 
tached to the rudder horn. The followup loop, which 
establishes a correlation between pedal position and 
rudder position, makes this arrangement necessary. 
"Therefore, the cylinder piston is immovable and the 
Cylinder body moves to displace the rudder. 


Аз you have already learned, an artificial feel system 
is incorporated in the mechanical linkage of the rud- 
der control system. Тһе function of the feel system 
is to provide the pilot wth feel forces at the rudder 
pedals. Since the hydraulic action of the flight control 
system is not reflected to the mechanical control link- 
age, airloads on the control surfaces are not trans- 
mitted back to the pilot. Consequently, an artificial 
feel system is required to simulate an airload condi- 
tion. The components that make up the feel system 
include a feel cylinder, a variable air pressure regu- 
lator, and the "О" (ram air) pressure system. The feel 
system is discussed in detail later in the chapter. 


The control surfaces on the F-102A airplane do not 
have conventional trim tabs. Trimming of the airplane 
is accomplished by electrical actuators that move the 
entire elevon and rudder surface for trim action. A 
three-position toggle switch on the utility switch 
panel routes 28-volt, d-c power to the rudder trim 
actuator to move the rudder to the left or right. When 
the trim switch returns to the neutral position actuator 
movement stops. Trim motion is introduced into the 
rudder control system through the mechanical link- 
age. The trim system is also discussed in detail later 
in the chapter. 


MODES OF FLIGHT. 


There are three modes, or ways, available to the pilot 
fór controlling the flight attitude of the airplane. These 
are the Direct Manual, Manual, and Automatic Flight 
Control modes which are discussed separately below. 


Direct Manual. 


А two-position flight mode switch is located on the 
flight mode panel. When the switch is placed in the 
DIRECT MANUAL position, the pilot has direct con- 
trol of the airplane and only his control motions re- 
sult in a change of course or attitude, The Direct 
Manual mode of control is normally used for takeoffs 
and landings, and any time the pilot desires to have 
only control stick, cudder pedal, and trim switch 
movements determine displacement of the control 
surfaces. 


Manual. 


Тһе Manual mode is the method of flight control in 
which the pilot's control movements are dampened to 
some degree by counteracting signals from the damp- 
ing system through the servo actuators. The servo 
actuators receive signals from the damping system 
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Figure 3-1. Rudder Control System Schematic 
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and convert them to control motion. Placing the flight 
mode switch in the MANUAL position completes a 
Circuit that sends 28-volt, d-c current to energize the 
elevon and rudder actuator shutoff valves. When these 
valves are energized, they route hydraulic pressure to 
the elevon and rudder servo actuators and also to a 
solenoid valve in the elevon manual control lockout 
system. The elevon and rudder servo actuators are con- 
nected by linkage to their respective hydraulic control 
valves to superimpose damping impulses on the con- 
trol surfaces, The Manual mode of control is selected 
by the pilot to provide a stable armament platform 
or when the airspeed is above Mach 0.75. 


Automatic Flight Controls. 


As you will recall, the Automatic Flight Control Sub- 
system (AFCS) is a part of the MG-10 Aircraft and 
Weapon Control System and governs the airplane flight 
control system when it is іп the Automatic Flight 
Control mode. In this mode, the AFCS has "full au- 
thority” or complete control of the elevons. This com- 
plete control is effected by a lockout valve which pre- 
vents pilot control of the elevons. 


Тһе rudder hydraulic system does not incorporate a 
lockout valve as does the elevon hydraulic system. 
Therefore, the rudder is always at the command of the 
pilot regardless of the mode of flight. The rudder 
servo actuator receives signals from the damping sys- 
tem and initiates appropriate rudder movement to co- 
ordinate a turn. The essential components for turn 
coordination are the roll rate gyro, a high-pass aet- 
work and filter, the aileron position potentiometer, 
and the airspeed compensator. These components orig- 
inate the signals to the damper system for turn co- 
ordination. 


MECHANICAL LINKAGE. 


The following illustrations (figure 3-2 through 3-6) 
show the arrangemenr and identify the mechanical 
system components. For ease of discussion we will 
divide the system into four groups. These groups 
comprise the forward linkage (including the rudder 
pedals), the aft linkage housed in the fin island below 
the vertical fin, the control cables which connect the 
forward and aft linkage, and the rudder actuating cyl- 
inder assembly which includes the yaw damper servo 
actuator, the hydraulic control valve, and the follow- 
up mechanism, We will also discuss at this time main- 
tenance problems or maintenance procedüres con- 
cerned with each group or individual components of 
the mechanical system. 


Forward Linkage. 


А conventional rudder pedal assembly, fork assembly, 
forward rudder torque tube, tie rods, and bell cranks, 
comprise the forward rudder control linkage. Тһе 
rudder pedals also incorporate a pedal length adjust- 
ment mechanism. Ás you can see in figure 3-2, the nose 
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wheel steering and brake control linkage is also actu- 
ated by the rudder pedals. These two systems are dis- 
cussed in another supplement of this training series. 


RUDDER PEDAL ASSEMBLY. The main support for 
the rudder pedal assembly and the forward torque 
tube is a one-piece magnesium alloy casting. The cast- 
ing is attached to floor rails by four bolts, two on the 
left and two on the right side. Note that the fork 
assembly is attached to this main support casting with 
one long bolt on which it is free to rotate for adjust- 
ment of the pedal length. 


The inboard and outboard brake bell crank and the 
rudder pedal hangar bell crank, on the left and right 
sides, are attached to the fork assembly upper arms. 
А shaft supports bearings on which the bell cranks 
rotate. Each outboard brake bell crank is linked to a 
crank on the rudder pedal by a control rod and each 
inboard crank is linked to its brake cylinder by link- 
age. The inboard brake bell crank is attached to the 
outboard brake bell crank axle with two pins installed 
at 90 degrees to each other. This arrangement also 
secures the pedal hangar bell cranks to the fork 
assembly. 


Тһе rudder pedals are attached to the lower end of 
the hangar arm bell crank by the rudder pedal shaft 
extending through the hangar bell crank and locked 
to the bell crank with two pins installed at 90 degrees 
to each other. The pedals rotate on the shaft for brake 
action on the inboard and outboard bearing. The out- 
board bearing is locked to the shaft with a retaining 
ring. 


Periodic lubrication of the rudder pedal assembly is 
required for proper functioning of the assembly. Peri- 
odic lubrication is required at the bearing in the pedal 
adjust linkage at the fork assembly, che inboard and 
outboard bearings in each pedal, and the inboard and 
outboard bearings on each brake bell crank. Check 


your Е-102А maintenance handbook for the time inter- 


val and the type of lubricant to use. 


FORWARD TORQUE TUBE. The forward torque 
tube assembly includes the torque tube and the upper 
and lower bell cranks to which the tube is attached. 
Pins installed at 90 degrees to each other secure the 
torque tube to the bell cranks. The lower bell crank 
is supported by the one-piece magnesium alloy support 
casting and the upper bell crank by a brace attached 
to the airplane structure. А single bolt, screwed into 
а single nutplate at the center of each bell crank, 
secures each bell crank to its upper and lower support. 
"Thus the bell crank is free to rotate. Adjustable stops 
are installed on the lower bell crank to limit rudder 
pedal travel. After the stops on the aft rudder torque 
tube at the feel cylinder crank have been set to allow 
for specified rudder travel, the forward torque tube 
bell crank stops are set. The forward stops are set to 


О 


FLIGHT CONTROL SYSTEM 


A18W3SSV 7” = SN[3331S T33H/A 
10485 — 2 ie JSON OL 


5NhIVH 


iz) туаз4 чзаапч 


мучо 
змзі5пгаў 
туаза 


(0) 3NV121T138 YIANITAD 
3Xvu8 quvosino 
(2) MIGNITAD ava 
(0) ммучотав туаза чзадпи 
38ni ЗПО3О1 GMI 


(с) INvV32T138 


YIONITAD 
INVUd ачуовн! 


318V2 TOWINOO чзаапа HY 


¥SZOLSW18 


Figure 3-2. Rudder Forward Control Linkage 
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allow a specified gap: between the stops and the bear- 
ing surface. Check your applicable F-102A mainte- 
nance handbook, Т.О. 1F-102A-2-7, for these settings. 


Тһе upper bell crank on the forward torque tube 
assembly is connected to the rudder pedal bell cranks 
with control rods and the lower bell crank is connected 
to the left and right control cable bell cranks with 
control rods. Displacement of the rudder pedals by 
the pilot actuates the pedal bell crank, which transfers 
the movement to the forward torque tube, which in 
turn transfers the movement to the control cable bell 
cranks to move the control cables. Movement of the 
control cables rotates the vertical torque tube in the 
tail section, which actuates linkage to open the hy- 
draulic control valve. 'The valve then ports hydraulic 
pressure to the actuating cylinder to displace the 
rudder. 


Ҥ you are called upon to install the forward torque 
tube, always check for freedom of movement in the 
torque tube assembly mounts before attaching the 
rudder pedal and push-pull linkage. Also, the roll pins 
that attach various components of the forward linkage 
must extend through the outer attach holes a specified 
minimum distance. Check your F-102A maintenance 
handbook for this specified minimum distance. 


Aft Linkage. 


Figure 3-3 shows the arrangement and identifies the 
components in the aft rudder control linkage. The aft 
linkage and components are housed in the fin island 
below the vertical fin and includes a vertical torque 
tube assembly to which is attached а rudder control 
crank, rudder centering crank, and the feel cylinder 
crank. Other components are the walking beam, linked 
to the rudder control crank by a control rod at its 
outboard end and to the shaft of the damper servo 
actuator at the other end; the followup crank, at- 
tached to the center of (һе walking beam at one end 
and to the hydraulic control valve at the other end; 
and the rudder feel and centering support bracket 
which is attached to, but rotates freely on, the rudder 
torque tube. The rudder trim actuator crank is at- 
tached to the free end of the centering and feel sup- 
port bracket through linkage. 


Тһе yaw damper servo actuator, rudder hydraulic 
control valve, rudder actuating cylinder, and the fol- 
lowup mechanism are mounted as one assembly. 
Note that the piston end of the rudder actuator cylin- 
der is attached to the airplane structure and the cyl- 
inder stationary end to the rudder control horn. In 
this case the cylinder end and not the piston moves the 
rudder. The reason for this arrangement is because of 
the design of the followup loop mechanism, which 
establishes а correlation between rudder pedal and 
rudder position; ог in other words, the pilot's pedal 
motion opens the hydraulic control valve to move the 
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rudder to a position determined by the displacement 
of the pedals, while the followup mechanism closes 
the control valve when the rudder reaches this posi- 
tion. The feel cylinder, the centering spring, and the 
trim actuator are also incorporated in the mechanical 
linkage. These components will be discussed individu- 
ally later in the chapter. 


SERVO ACTUATOR LINKAGE. In the Direct Man- 
ual mode of control, the servo actuator piston shaft is 
locked in a rigid position by its centering springs and 
serves only as a pivot point in the mechanical linkage. 
In the Manual and Automatic Flight Control modes of 
control, che shaft extends or retracts in response to 
electrical signals from the yaw damper system to 
superimpose the desired damping motions on pilot 
mechanical control movements to the rudder. The end 
of the servo actuator piston shaft is attached to and 
acts as a pivot point for the inboard end of the walk- 
ing beam. Therefore, movement of the damper servo 
actuator accomplishes the addition to, or subtraction 
from, pilot input. 


Also, it can be seen that, if the servo actuator shaft 
extends at the same time and equally with a left rudder 
pilot input (link between torque tube bell crank and 
outboard end of walking beam moving forward), the 
walking beam merely rotates about the center attach- 
ment to the followup crank and the damper servo 
actuator has subtracted total pilot inpur. In this man- 
ner, the servo actuator adds to and subtracts from 
pilot input to correct оуёгсопсго! movements of the 
pilot and also to initiate appropriate rudder movement 
for turn coordination. 


Тһе servo actuator shutoff valve is а solenoid-actuated 
hydraulic valve, which is energized by the damper 
engage circuit. When the valve is energized, іс opens 
and admits secondary hydraulic system pressure to the 
servo actuator, which then responds to signals from 
the damper servo amplifier. The amplifier is ON at ali 
times when electrical power is available and the 
circuit breakers are engaged. 


Тһе servo actuator shaft motion will rotate the walk- 
ing beam about the outboard end of the beam when 
the pilot input is zero. This action in turn will result 
in rotation of the attach point of the followup bell 
crank to open the hydraulic control valve. Аз you 
remember from the preceding discussion, when the 
rudder moves in response to the servo input, the me- 
chanical followup. loop closes the control valve. This 
rudder motion is not transmitted back to the rudder 
pedals since the torque tube does not move. In fact, 
positive back-up from the centering spring is neces- 
sary to insure faithful rudder response to damper 
commands. Since the damper servo inputs result in 
pivoting che walking beam about its outboard end, 
any play or slop in the linkages from the walking 
beam to and including the trim actuator results in the 
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servo shaft motion being partially lost (in the slop) 
rather than being transmitted to the hydraulic con- 
trol valve. This results in a phase lag and under- 
response of the rudder to damper commands. There- 
fore, as you can see, it is very important in the main- 
tenance of the system co insure minimum or complete 
lack of play in these linkages. 


Control Cables. 


The control cables, which connect the forward and aft 
rudder control linkage, are routed from the forward 
left and right rudder cable bell cranks. aft, through 
pulleys along the upper fuselage to the vertical torque 
tube bell crank in the tail section. Note on figure 3-4 
that each left and right cable assembly consists of two 
cables joined together with turnbuckles. The terminal 
ends of the cables are attached to the forward cable 
bell cranks and the afr torque tube bell cranks with 
bolts and self-locking nuts. 


CABLE TENSION. As you know, metals contract and 
expand when exposed to changes їп temperature. For 
this reason control cable tension must be set at a 
value (in pounds) established for the degree of tem- 
perature existing at the time the cables are being 
installed or reinstalled in the airplane. The diameter 
of the control cable must also be considered in estab- 
lishing this value. These values have been predeter- 
mined and can be found by referring to the cable 
tension chart in the Flight Controls maintenance hand- 
book, Т.О. 1F-102A-2-7, The Т.О. also outlines, in a 
step-by-step fashion, a procedure for rigging the control 
cables. 


LUBRICATION OF CONTROL CABLES. А protec- 
tive coating of corrosion-resistant compound for the 
full length of the cables and also lubrication of cables 
in the area of pulleys is required at periodic intervals. 
Again, refer to the above mentioned handbook for the 
time intervals and the type of compound and lubri- 
cant used on the cables. 


Rudder, 


The rudder is attached to the rear spar of the vertical 
stabilizer with two hinge bolts and to the airplane 
structure at the lower support fitting with 10 bolts. 
Тһе support fitting acts as a third hinge point when 
attached to the airplane structure. А bearing, held in 
the rudder support fitting with lock rings, allows the 
rudder to rotate within the fitting. Three bonding 
jumpers join the rudder to the rear spar of the vertical 
stabilizer. The rudder horn is a part of the lower 
support fitting and connects the rudder to the hydrau- 
lic actuator end fitting to move the rudder when the 
cylinder is actuated. The rudder is of aluminum 
honeycomb construction. The procedure for replacing 
the rudder is discussed at the end of this chapter and 
is illustrated on figure 3-15. 


72 


RUDDER CONTROL SYSTEM OPERATION. 


As you remember, the rudder control system receives 
hydraulic power from the primary and secondary 
hydraulic systems to supply power to the hydraulic 
control valve. Displacement of the rudder pedals by 
the pilot transfers the pedal motion through control 
linkage to the aft vertical torque tube. Rotation of the 
torque tube then actuates linkage to open the hydrau- 
lic control valve, which then ports hydraulic fluid, to 
the rudder actuating cylinder to move the rudder. 
Тһе followup mechanism returns the control valve to 
neutral at which point movement of the rudder stops. 


When the pilot releases his applied force from the | 


rudder pedals the centering spring returns the rudder 
to its original trim-neutral position. 


'To give you a complete understanding of what actu- 
ally takes place, we will go through a complete cycle 
of operation in the Direct Manual mode of operation. 
Direcr Manual is normally used for takeoff and land- 
ings, and anytime the pilot desires to have only con- 
tro] stick, rudder pedal, and trim switch movements 
determine displacement of the control surface. The 
Manual and Automatic Flight Contro! modes of con- 
trol will chen be discussed as they apply to rudder 
control operation. 


OPERATION IN THE DIRECT MANUAL MODE. 


Ав you recall, the Direct Manual mode is that method 
of flight control whereby the pilot has direct control 
of the airplane and only his control motions result 
in a change of course or attitude. We will assume that 
the pilot applies a force to the left rudder pedal, 
moving it forward. This force initiates a forward 
movement of the left rudder control cable and a clock- 
wise rotation (viewed looking down) of the rudder 
torque tube in the tail section, to which the cable is 
attached. This rotation of the torque tube results in a 
forward movement of the link from the crank at the 
top of the torque tube to the outboard end of the 
walking beam. The other end of the walking beam is 
attached to the shaft of the damper servo actuator. 
Since we are operating in the Direct Manual mode of 
control, the shaft of the servo actuator is held at its 
center position by its centering springs. This results 
in the walking beam pivoting abour the servo actuator 
attachment point. 


In the Direct Manual mode of operation the servo 
actuator is rigid because the servo actuator shutoff 
valve is closed. Since it is not functioning hydrauli- 
cally, the servo actuator acts merely as part of the 
straight shaft, or rigid link, between the mechanical 
bell crank linkage and the control valve. You will note 
by referring to figure 3-5 that the followup bell crank 
is attached to the center of the walking beam and 
pivots about an attachment to the rudder actuator 
cylinder body. The remaining end, which is an offset 
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Figure 3-5. Rudder Mechanic 


of the pivot, is attached by linkage to the control valve 
spool. Now as the walking beam is pivoting about 
the servo actuator attachment, motion of the walking 
beam is transmitted to the followup bell crank. As a 
result, the linkage from the followup bell crank to the 
control valve moves aft, opening the control valve. The 
control valve then ports pressurized hydraulic fluid 
to the actuating cylinder in such a manner that the 
cylinder retracts and the rudder moves left. 


Аз the àctuating cylindér moves forward, the motion 
causes movement of the followup crank which re- 
sults in returning the control valve to neutral; at this 
point the movement of the rudder is stopped. Refer 
to figure 3-6 to follow this action. During this forward 
movement of the actuating cylinder, the outboard end 
of the walking beam is held as a fixed point since the 
pilot is holding a definite rudder pedal position. Since 
the damper servo actuator is attached to the rudder 
actuator cylinder and moves with іс, the end of the 
walking beam attached to the servo actuator shaft 
also moves forward and the walking beam pivots about 
its outboard attachment. The followup bell crank із 
then rotated by the walking beam about its pivot 
point on the actuating cylinder assembly. Аз you can 
see in figure 3-5, this pivot point is attached to the 
cylinder assembly and moves with it. The rotation of 
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the followup bell crank with respect to the attach 
point is counterclockwise as viewed in the illustra- 
tion. This rotation, which is in the opposite direction 
to the original rotation of the followup crank, moves 
the control valve toward neutral. 


The control valve is again at neutral when the actuat- 
ing cylinder hàs moved through the distance as deter- 
mined by the dimensions of the followup mechanism. 
Аз a result, the rudder moves a distance which is pro- 
portional to the movement of the rudder pedals. When 
the pilot releases his applied force from the rudder 
pedal, the feel cylinder and centering spring return 
the rudder torque tube to its original position. 


Тһе reverse sequence of events in the followup mech- 
anism returns the rudder to its original position. The 
net result is that rudder position is determined by the 
angular position of the rudder torque tube. The one 
exception is when rudder motion results from damper 
servo action inputs. Ín this case the rudder torque 
tube and the rudder pedals do not move. 


You will note by referring to figure 3-3 that the rud- 
der fee] cylinder crank and the rudder centering crank 
"are attached to the rudder control torque tube. Also 
attached to the tube, but rotating freely, is the rudder 
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i feel and centering support. The trim actuator is con- 
| nected to the free end of the rudder feel and centering 
support through linkage. Trim motion is introduced 
in the system through the rudder trim bell crank to 
the free end of the rudder feel and centering support 
when the trim switch is engaged. This causes the rud- 
| der feel and centering support to rotate in the direc- 
tion of trim. The trim force operates against the cen- 
tering spring to move the control surface. The motion 
that results from the combination of movement of the 
rudder pedals and the trim introduced in the system 
is transmitted to the rudder actuating cylinder control 
| valve by the rudder torque tube bell crank. 


OPERATION IN THE MANUAL MODE. 


Аз you recall, che Manual mode is that method of 
flight control whereby the pilot's contro! movements 
| are dampened to some degree by counteracting signals 
| from the damping system through the servo actuators. 
‚ The yaw rate gyro originates the signal to the yaw 
| damper system to provide a directionally stable 
| airplane. 


| The rudder servo actuator is hydraulically energized 
through the servo actuator shutoff valve when the 
pilor selects the Manual mode of operation. When 
energized, it opens and admits secondary hydraulic 


Figure 3-6. Rudder Mechanical Linkage АсНоп, Followup Motion 


system pressure to the servo actuator, which then re- 
sponds to signals from the yaw damping system ampli- 
fier. However, the pilot may override or boost rudder 
motion while the servo actuator is in service. 


Аз far as the mechanical control system is concerned, 
it is necessary only to know that the servo actuator 
piston extends or retracts in response to electrical 
signals from the yaw damper servo amplifier. The end 
of the servo actuator piston ram is attached to and 
acts as a pivot point for the inboard end of the walk- 
ing beam. As the servo actuator piston extends, the 
piston ram moves the walking beam to ріуог it off 
the pilot-held control rod. The walking beam then 
moves the attached followup crank, which action in 
turn opens the contro! valve. The valve then ports 
hydraulic fluid to the rudder actuating cylinder to 
move the rudder. A feedback potentiometer is con- 
nected to the servo actuator ram. As the servo actuator 
ram moves in response to servo action, the potentiom- 
eter feeds back a signal of opposite polarity to cancel 
the original signal and stop the action. 


When the two signals are completely balanced, the 
servo actuator piston is recurned to neutral by the 
mechanical followup linkage. Consequently, the con- 
tro! valve also has returned to neutral by the reverse 
action of the linkage. However, the rudder actuator 
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has been locked in the new position called for by the 
original input signal to the servo actuator. This rud- 
der movement as a result of servo actuator action is 
not transmitted back to the rudder pedals, since. the 
torque tube does sot move, The servo actuator internal 
mechanism and how it works will be discussed under 
the rudder hydraulic system, farther along in chis 
Chapter. 


OPERATION IN THE AUTOMATIC FLIGHT 
CONTROL MODE. 


In the Automatic Flight Control mode, the AFCS will 
maintain che acticude of the airplane ас the instant of 
engagement if engaged within attitude limits of the 
system. If engaged in a climb, the AECS will maintain 
the climb attitude of the airplane. ІР engaged in a 
turn, that attitude is maintained. Means to vary the 
stabilized attitude of the airplane after the engagement 
of the Automatic Flight Control mode are provided by 
a trim switch. The trim. switch in the Automatic 
Flight Contro! mode now operates through the AFCS 
components instead of che electrical trim actuators to 
effect crim changes, and is called the "Веер" control. 


'The rudder control system does not incorporate a 
lockout valve as does the elevon control system, There- 
fore, che rudder is always at the command of the pilor. 
As you recall, in che Automatic Flight Control mode, 
when the AFCS is engaged, it completes a circuit 
which supplies 28-volt, d-c power to open the solenoid 
valve at the elevon lockour valve, Opening the sole- 
noid valve permits hydraulic pressure to actuate the 
lockout valve, thereby "locking out" the mechanical 
followup loop and pilot input control movements to 
the elevons, The AFCS signals are sent to the elevon 
servo actuators through the damper system for con- 
trol of elevon movement. The mechanical followup 
loop in the elevon system is replaced by an electrical 
feedback system. This feedback system moves the соп- 
trol. valve, thereby stopping elevon movement when 
the desired displacement has been reached. 


In the Automatic Flight Control mode, as in the Man- 
ual mode of coritrol, che rudder servo actuator receives 
signals from the yaw damping system to dampen рі- 
lot's control movements and to initiate appropriate 
rudder movement to coordinate a turn. The essential 
components for turn coordination are the roll гасе 
gyro, а high-pass network and filter, the aileron posi- 
поп potentiometer, and the airspeed сотрепзагог. 
These components originate the signals to the yaw 
damper system for turn coordination. 


A rolling acceleration, as you know, is produced by 
movement of the ailerons. Therefore, the aileron. dis- 
placement and roll rate act to move the rudder to 
minimize the yawing produced. The aileron position 
potentiometer and the roll rate gyro originates che 


76 


signals to the yaw damper system which initiates ap- 
propriace rudder movement co coordinate the гигп. 
When the aileron action returns to neutral, as the 
desired roll attitude is approached, the aileron move- 
ment reduces to zero. However, rolling velocity due 
то momentum, must then be coordinaced. This is ac- 
complished by the lagging roll rate network which 
produces a delayed signal to coordinare the roll. 


Since the amount of rudder required to coordinate а 
turn is less at high speeds than at low speeds, the air- 
speed. compensator reduces the strength of che signal 
from the roll rate gyro and the aileron porentiometer 
as the airspeed of the airplane increases. 


In order to coordinate turns in the speed range where 
opposite rudder is réquired, a signal termed "minus 
aileron signal" is taken from the aileron position po- 
rentiometer and scheduled Бу «he airspeed compen- 
sator in such a way that che strength of che signal 
increases wich increasing airspeed. The minus aileron 
signal becomes larger than (һе combined aileron and 
roll rate signals. This is done so that an opposite cud- 
der signal is available for turn coordination, as is the 
case when the yaw is in the direction of che curn. 


Тһе rudder servo actuator piston extends or retracts 
in response to che turn coordinator signals through 
«ће yaw damper system to coordinate а turn with 
appropriate rudder movement, The rudder mechanical 
linkage functions in the same way as in the Manual 
mode of rudder control. A more thorough discussion 
of the damper systems and the Automatic Flight Con- 
trol mode will be found in Chapters IV and У of this 
supplement. 


F-102A FLIGHT CONTROL HYDRAULIC 
SYSTEM. 


Full hydraulic power is supplied to the right and left 
flight control systems from the primary and the sec- 
ondary hydraulic power supply systems, The primary 
system supplies hydraulic power by way of a control 
valve, со dual chamber actuating cylinders in each 
flight control system. The secondary hydraulic system 
not only supplies power to its half of the same dual 
chaimber cylinders, but also supplies hydraulic power 
to other hydraulic components of each control system. 
If one of the two hydraulic power supply systems be- 
comes inoperative, che remaining system will supply 
the required hydraulic power for continued operation 
of the flight controls. Control is slower, however, if 
only one system is operating. 


RUDDER. CONTROL HYDRAULIC SYSTEM. 


The components of the hydraulic portion of the rud- 
der flight control system are shown in rhe schematic 
diagram on figure 3-7. The components include the 
rudder actuating cylinder and control valve, the rud- 
der servo actuator, and che servo actuator shutoff valve. 


The. rudder actuating cylinder and control valve are 
incorporated within the same casting with intercon- 
Inecting drilled passages between the two. Note also 
that the drilled passages route the flow of pressurized 
hydraulic fluid to the appropriate sides of the actuat- 
ing cylinder pistons. Following rhe flow of fluid in 
the schematic diagram, we see that the primary hy- 
draulic system fluid supply serves only the rudder 
actuating cylinder; the secondary hydraulic system 
fluid supply serves not only its chamber of the actu- 
ating cylinder but also the servo actuator. The rud- 
der servo actuator is attached to the rudder actuating 
cylinder with bolts. The rudder control hydraulic sys- 
tem does not incorporate a lockout valve as does the 
elevon control system; therefore, che rudder is always 
at rhe command of the piloc regardless'of che mode of 
flight. 


IHYDRAULIC SYSTEM OPERATION. 


Pilot displacement of the rudder pedals is transmitted 
by mechanical linkage to open the hydraulic control 
valve. Тће valve then meters pressurized hydraulic fluid 
[through drilled passages to the rudder actuating cyl- 
inder to move the surface in che direction of che piloc's 
control movement. А mechanical feedback linkage be- 
tween the rudder control surface and the hydraluic 
control valve shuts off the valve when the control sur- 
face reaches a position corresponding to the rudder 
pedal position. 


Тһе sérvo actuator shutoff valve supplies hydraulic 
pressure to the servo actuator when the damper sys- 
tem is engaged. The servo actuator shaft extends ог 
retracts in response го electrical signals from the yaw 
idamper servo amplifier to superimpose the desired 
damping motions over pilot control motion through 
the hydraulic contro! valve, (The yaw damper servo 
amplifier is discussed in detail in «һе next chapter.) 
i 
, The servo actuator shutoff valve is а solenoid-actuared 
hydraulic valve which is energized by the damper en- 
gage circuit, When energized, it opens and admits sec- 
ondary hydraulic system pressure to the servo actu- 
lator, which then responds to signals from the damper 
[servo amplifier. Mechanical features of the damper 
servo actuator and shutoff valve were discussed earlier 
| in this chapter. 

1 


How Hydraulic Power Moves the Rudder. 


' 

The direction in which the hydraulic control valve 
Ispool is moved determines which side of the rudder 
actuator pistons receives hydraulic pressure. Unlike 
the elevon actuators, che rudder actuator is of balanced 
| design, so chat there is equal piston area throughout. 
; Therefore, equal reaction to control forces is obtained 
in either direction. The piston rod of the rudder actu- 
ator is attached to the airplane structure and the cyl- 
| inder body is attached to, and moves with, che rudder 
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horn (arm). When the hydraulic force is applied to 
the actuator, the actuator cylinder extends or retracts 
along its own ram shaft causing the actuator cylinder 
fixed end to move the rudder. 


Rudder Actuator and Control Valve. 


The control valve cylinder bore is separated into two 
sections. One section controls flow of primary hy- 
draulic system fluid and the other section controls flow 
of secondary hydraulic system fluid to the correspond- 
ing tandem pistons of the rudder actuator, Note on 
the rudder hydraulic schematic diagram (figure 3-7) 
that the control valve is also separated into two sec- 
tions in tandem; this arrangemenr allows extension of 
one double spool through both sections of the valve 
cylinder. To move the rudder requires fore and aft 
movement of the spool in the cylinders. This routes 
hydraulic pressure to the rudder actuating cylinder by 
way of che drilled passages mentioned above. The me- 
Chanical features and operation of rhe mechanical 
linkage of the rudder control system were discussed 
earlier in this chapter. 


Servo Actuator and Shutoff Valve. 


As you remember, we discussed the mechanical control 
of the servo actuator earlier in the chapter and learned 
that it is used in the Manual mode of rudder control 
wherein the pilot's control movements are dampened 
to some degree by counteracting signals from the 
damping system through the servo actuator. Let us 
now discuss the servo actuator in more detail to learn 
how and what it does. 


The servo actuator is bolted to che rudder actuating 
cylinder casting and is controlled by а solenoid-oper- 
ated, three-way, shutoff valve. The valve is located 
between the servo actuator and che secondary hydraulic 
system pressure line to the control valve. The servo 
actuator is comprised of spring-loaded pistons, fluid 
flow passages, flow passage restrictors, and an electrical. 
torque motor. When the pilot selects che Manual mode 
of operation, the servo actuator is hydraulically en- 
ergized through che shutoff valve and can then re- 
spond to electrical signals from the damper system. 
"The signals position the servo actuator piston to pivot 
the rudder control bell crank (walking beam) around 
the pilot-held control rod as shown on figure 3-8, This 
action in turn moves the attached followup bell crank 
to operate the control valve. The control valve then 
meters pressurized hydraulic fluid to the rudder actu- 
ator in amounts indicated by the signal received со 
dampen the pilot's rudder control movements. 


То see how the servo actuator accomplishes this, as- 
sume that the damper syscem sends an electrical signal 
то the servo actuator torque motor. The torque motor 
then moves the flapper, shown on figure 3-9, toward 
one nozzle or the other ia an amount depending on 
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Figure 3-7. Rudder Hydraulic System Schematic 
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(һе intensity of the signal. As the flapper moves to- 
wards a nozzle, a fluid pressure unbalance is set up in 
the servo actuator. This is a result of the movement 
of the flapper toward one nozzle which causes ге- 
stricted flow through that nozzle, and at the same 
ime, in moving away from the other nozzle, allows 
hore fluid to flow through it. Pressure in the passage 
is then increased between the restricted nozzle and 
one end of a control spool in the servo because of the 
restriction. This pressure unbalance causes the servo 
actuator control spool to move in the desired direc- 
ion to port fluid pressure to the correct side of the 
servo actuator ram shaft piston, and port fluid from 
the other side of the piston to return, Consequent mo- 
tion of the servo actuator ram pivots the walking 
beam and the followup bell crank to position the 
ontrol valve spool away from neutral, 


The control valve repositioning admits fluid pressure 
to, and ports return fluid from, the appropriate sides 
of the rudder actuating cylinder piston. Тһе piston 
ram of the rudder actuator then moves the rudder to 
the new position. Аз the rudder actuator piston and 
am move, a feedback potentiometer connected to the 
tam sends another electrical signal, the voltage of 
Which is determined by the amount of гат displace- 
ment, to the torque motor. The second signal is of 
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Figure 3-8. Rudder Mechanical Linkage Action, Initial Motion in Manual Mode 


opposite electrical sign to the first signal, and tends 
to null it out. This second signal thereby rapidly re- 
duces the current of the first signal to the torque 
motor to zero. 


Аз the two signals are balancing, they are moving the 
flapper towards neutral. When the two signals are 
completely balanced, the flapper has returned to neu- 
tral, again equalizing the fluid pressure. The equalized 
pressure thus causes the servo actuator pistons to also 
return to neutral. Consequently, the control valve has 
beén returned to neutral by reverse action of the link- 
age, but the rudder actuator has been locked in the 
new position called for by the original input signal 
to the torque motor. 


The effect on the mechanical linkage of the above 
action is indicated by arrows on figure 3-10. As you 
can see, the push rod from the pilot’s control linkage 
does not move as the walking beam rotates around the 
pivot point, The servo ram retracts to draw the other 
end of the walking beam back to its original position. 
This causes the followup bell crank also to return to 
its original position. Of course, as the actuating cyl- 
inder assembly moves in response to the hydraulic 
actuating force the cylinder will also contribute to the 
return action through the movement of the followup 
bell crank. Тһе rudder stays in the new position that 
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Figure 3-9. Rudder Servo Actuator 
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has been established since the return of the control 
valve to neutral locks the fluid in on each side of its 
piston. The only way it can move farther out, or back 
to neutral, is for che control valve to direct fluid pres- 
IUE to the correct side of its piston again. 


HYDRAULIC SYSTEM MAINTENANCE. 
| 


Since the control valve is incorporated within the cast- 
ing of the acruating cylinder, malfunctioning of either 
section will necessitate replacement of the entire unit. 
f control surface motion becomes sluggish, and hy- 
Осам ис test stand pressure is correct, the control valve 
is the most likely unit to be at fault. An inspection of 
the valve for evidence of clogged element screens, or 
chips of foreign matter, is indicated if the above oc- 
curs. А faulty O-ring is also a possibility. If leakage 
15 noted around the actuator cylinder, this also would 
lindicate a faulty O-ring. Air in the hydraulic system 
components will cause malfunctioning. If air is pres- 
ent in the system, it must be bled off. This can be ac- 
‘complished by repeated cycling of the system. 


(During maintenance of the servo actuator system, here 
are some points to bear in mind. Erratic operation of 
ths system can result from improper rigging, me- 
chanical interference, air in the servo actuator, or a 
faulty servo actuator. After checking for improper 
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Figure 3-10. Rudder Mechanical Linkage Action, Followup Motion in Manual Mode 


rigging and mechanical interference, you should next 
check for air in «һе servo actuating cylinder at the 
action limits (to bleed off any air that may be in the 
system). If the condition is not corrected, the servo 
actuator is probably faulty and must be replaced. You 
must remember that when hydraulic lines are discon- 
nected to replace a component, or for any other геа- 
son, the system will have to be bled of air. 


А faulty electrical circuit to the servo actuator shutoff 
valve, or a faulty shutoff valve, may prevent release of 
hydraulic power to the servo actuator. А continuity 
check of the electrical circuit will help to determine 
if this is the trouble. Ап indication of this type of 
trouble is when the system engages and then disen- 
gages too soon. 


ARTIFICIAL FEEL SYSTEM. 


Since the hydraulic action of the flight control system 
is not reflected to the mechanical control linkage, air- 
loads оп the flight control surfaces are not transmitted 
back to the pilot. Consequently, an artificial feel sys- 
tem is required to simulate an airload condition. This 
system of simulating airloads on the control surfaces 
is known as the artificial feel system. The function of 
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Figure 3-11. Rudder and Elevator Artificial Feel System Schematic 


the feel system is to provide the pilot with feel forces 
which vary resistance to movement of the control stick 
and rudder pedals. The feel system is added to the 
mechanical linkage of the flight control system and 
uses both springs and programmed air to provide these 
feel forces. 


Aileron "feel" is determined by springs only, while 
rudder and elevator "feel" is determined by a com- 
bination of springs and air cylinders. The feel system, 
through a combination of "Q" (ram air) pressure and 
pneumatic pressure acting on the Еее! cylinders, de- 
termines what control stick and. pedal forces will exist 
for varying stick and pedal displacements, altitudes, 
and airspeeds. You learned about the elevon feel sys- 
tem in the preceding chapter. Let us now discuss the 
rudder feel system, how it operates, the components 
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making up the system, and the maintenance problems 
you may encounter. 


HOW THE RUDDER FEEL SYSTEM OPERATES. 


Тһе function of the rudder feel system (shown on fig- 
ure 3-11) is to provide the pilot with feel forces at the 
rudder pedals. The feel force varies the resistance to 
pedal movement proportionately to the airspeed and 
altitude. А$ you recall, airloads on the control sur- 
faces are not transmitted back to the pilot because the 
hydraulic action of the flight control system is ir- 
reversible (not reflected to the mechanical control 
linkage). Consequently, an artificial feel system is re- 
quired to simulate airload conditions. 


Referring to figure 3-12, note that the feel cylinder 
piston is attached to a bell crank on the vertical torque 
tube. The cylinder end fitting is attached to a bracket 
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Figure 3-12. Rudder Artificial Feel System 
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on the free end of the feel and centering support as- 
sembly. The arms of rhe support assembly are at- 
tached to the torque tube through bearings which al- 
low the feel and centering support to rotate freely 
on the torque tube; that is, the support assembly 
may rotate without rotating the feel cylinder holding 
bracket. The feel cylinder is mounted so that it is 
lined ар with the rudder feel and centering support 
50 long as the controls are centered with respect to 
trim. 


Pilot displacement of the rudder pedals will rotate the 
vertical torque tube within the feel and centering 
support arms and the feel cylinder bell crank will 
rotate with the torque tube. Since the feel апа cen- 
tering support is held in a fixed position through the 
rudder trim actuator linkage, any rotation of the feel 
cylinder bell crank pulls the feel cylinder piston to 
increase its extension from the cylinder. This arrange- 
ment allows trim to be introduced into the system 
without affecting the feel system. 


Air pressure proportional to airspeed is supplied to 
the rod end of the feel cylinder piston and the force 
produced by this pressure resists rotation of che torque 
tube. This force is felt by the pilot because he is sup- 
plying the initial force ас che rudder pedals. Air pres- 
sure from the high pressure pneumatic system is reg- 
ulated by a variable air pressure regulator to supply 
air to the feel cylinder. The air pressure regulator is 
supplied “Q” (ram air) pressure from the intake tube 
on the vertical stabilizer. The variable air pressure 
regulator then amplifies the ram air with the high- 
pressure air, This amplified ram air is then supplied 
to the rudder feel cylinder in amounts proportionate 
to the speed of the airplane. 


When airplane speed is decreased, some of the high- 
pressure air is vented to the atmosphere through the 
regulator so that che pressure in the feel cylinder con- 
tinues to be proportionate co-the airplane speed. The 
faster the airplane flies, the more tension the feel 
cylinder puts into the flight control system. The “0” 
pressure system also furnishes an airspeed reference 
to the pitch and yaw damper systems through the air- 
speed compensator for turn coordination. 


COMPONENTS OF THE SYSTEM. 


Тһе components that make up the rudder artificial feel 
system include a feel cylinder, a variable air pressure 
regulator, and the "Q" (ram air) pressure system. The 
feel system is added into the mechanical linkage of 
the rudder control system. 


"а" System Intake Tubes. 


You will note by referring to the schematic diagram 
on figure 3-12 that two intake tubes are installed on 
the leading edge of the vertical fin. The tubes provide 
the source of "Q" (ram air) pressure for the pressure 
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regulators in the elevon and rudder control systems. 
Тһе rudder pressure regulator amplifies the "О" pres- 
sure air with high-pressure air and supplies this air 
to the feel cylinder in amounts proportionate to the 
speed of the airplane. The upper tube, shown on the 
diagram, supplies "О" pressure air to the rudder 
variable air pressure regulator, the airspeed compen- 
sator, and to the lZ-inch ram air inlet on the elevator 
"Q" system loader. The lower tube supplies "Q" pres- 
sure air to the 34-inch ram air inlet on the elevator "О" 
system loader. The intake tubes are electrically heated 
through the anti-icing system which is discussed in an- 
other section of this training supplement. 


Pressure Regulator. 


The rudder variable air pressure regulator is located 
in the lower forward portion of the vertical stabilizer. 
It is mounted on a bracket assembly and attached to 
the bracket with three bolts through nutplates. As- 
cess to the regulator is through the dorsal duct access 
door on the stabilizer. 


The regulator consists of a spring-loaded diaphragm 
and a pressure regulator. The function of the regu- 
lator is to amplify "Q" (ram air) pressure with high- 
pressure air (from the high-pressure pneumatic sys- 
tem). This amplified ram air pressure is then supplied 
to the feel cylinder in amounts that are proportionate 
to the speed of the airplane. When airplane speed is 
decreased, some of the high-pressure air is vented to 
the atmosphere through the regulator so the pressure 
in the feel cylinder is proportionate to airplane speed. 
A check valve in the pressure supply line to the гер- 
ulator isolates the circuit from the rest of the pneu- 
matic system to maintain a rudder feel force in the 
event of loss of pneumatic pressure. 


Feel Cylinder. 


'The rudder feel cylinder, actuated by regulated high- 
pressure air from the high-pressure pneumatic system, 
is a simple cylinder and piston assembly. The ай 
pressure in the cylinder varies in proportion to the 
"Q" (ram air) pressure, which is a function of air- 


speed and altitude. As the air pressure in the cylinder . 


varies, the force on the piston varies. The force is 
felt by the pilot as resistance to movement of the rud- 
der pedals. The piston is so mounted that movement 
of the rudder pedals in either direction from the neu- 
tral position works against the force in the feel cyl- 
inder. One end of the feel cylinder is attached to a 
bell crank on the vertical rudder torque tube; the 
other end is attached to a bracket on the free end 
of the rudder feel and centering support which is at- 
tached to, Биг rotates freely on, the torque tube. 


SYSTEM MAINTENANCE. 


1f low rudder реда! forces аге experienced in the flight 
control system, the most likely cause would be a leak 
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їп the "Q" pressure system. А test procedure for check- 
üng the "Q" pressure system for leaks is outlined in 
[he applicable F-102A maintenance handbook, Т.О. 
1Е-102А-2-7. Leak tests must also be conducted when- 
ever new or reinstalled equipment or lines are installed 
lin the system. Another cause of low rudder pedal forces 
could be malfunctioning of the variable air pressure 
regulator. If, after conducting the leak test, the con- 
\dition is not corrected, the regulator is probably mal- 
functioning and must be replaced. 


TRIM SYSTEMS. 


When an airplane is loaded in such a way that it is 
slightly wing-heavy, tail-heavy, or nose-heavy, the pi- 
lot must exert a constant pressure on the stick or rud- 
der pedal in the opposite direction to the unbalanced 
axis to maintain straight and level flight. To relieve 
the pilot of this tiring effort, ailerons, elevators, and 
jrudders are often provided with trim tabs. The trim 
itabs maintain the control surfaces in exact positions 
away from neutral to maintain balance in straight and 
level flight. 


The elevons and the rudder on the F-102A airplane 
'do not have conventional trim tabs. Trimming of the 
airplane is accomplished by electrical actuators that 
move the entire elevon and rudder surfaces. The ele- 
von trimming is controlled by a five-position toggle 
| 


Figure 3-13. Rudder Trim Circuit Schematic 


switch located on the control stick. The rudder trim- 
ming action is controlled by a toggle switch located 
on the utility switch panel on the pilot's pedestal. The 
trim systems are interconnected through the takeoff 
trim circuit to provide a means of automatically trim- 
ming the airplane for takeoff. The takeoff trim switch 
is located on the utility switch panel also. Electrical 
power for takeoff trim is routed through the nose Іапа- 
ing gear UP position switch so that the system is in- 
operative when the airplane 18 airborne. 


RUDDER TRIM SYSTEM. 


The rudder trim action is controlled by a three-posi- 
tion toggle switch located on the utility switch panel 
of the pilot's pedestal. The switch is spring-loaded to 
the center OFF position. Pushing the switch to the left 
side closes the circuit to supply 28-volt, d-c power to 
the retract side of the trim actuator for left rudder, 
motion; pushing the switch to the right side supplies 
power to che extend side of the trim actuator for right 
rudder motion. When the switch is returned to neu- 
tral (OFF) position, the actuator movement stops. А 
schematic diagram of the rudder trim electrical cir- 
cuit is shown on figure 3-13. The rudder trim actu- 
ator is located in the vertical fin island below the ver- 
tical stabilizer; it is atrached to the airplane structure 
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Figure 3-14. Rudder Trim Actuator and Linkage Perspective 


at its forward (fixed) end and to the bell crank assem- 
bly at its aft (shaft) end. Integral limit switches in the 
actuator control the maximum travel limits. 


Rudder Trim System Operation. 


Figure 3-14 shows the rudder trim and also the rud- 
der feel and centering components. Note that the trim 
actuator bell crank is connected through linkage to 
the free end of the rudder feel and centering support. 
Тһе other end of the feel and centering support is 
attached to, but rotates freely оп, the rudder torque 
tube. The feel cylinder is attached between the free 
end of the rudder feel and centering support and the 
feel cylinder bell crank. The bell crank is solidly at- 
tached со the rudder torque tube. Trim motion is in- 
troduced into the control system through the rudder 
trim bell crank to the free end of the rudder feel and 
centering support. This causes the rudder feel and cen- 
tering support to rotate in the direction of trim. The 
trim force operates against che centering spring to 
move the control surface. 


Тһе fee! cylinder is mounted so that it is lined up 
with the rudder and centering support so long as the 
controls are centered with respect to the trim. Апу 
motion of the rudder feel cylinder bell crank offsets 
this arrangement so that the pilot is working against 
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the feel cylinder when he moves the rudder pedals. 
This arrangement allows trim to be introduced into 
the system without affecting the feel-force system. The 
rudder centering spring operates in tension or com- 
pression to center the control system with respect to 
trim. Тһе free end of the feel and centering support 
becomes a fixed point at whatever trim position has 
been selected. The centering spring then rotates the 
rudder torque tube through the centering spring bell 
crank to center the system. As the rudder torque tube 
is rotated, the torque tube bell crank actuates linkage 
to open the hydraulic control valve; pressurized hy- 
draulic fluid is then metered to the rudder actuating 
Cylinder to move the rudder. The rudder moves until 
the followup mechanism closes the control valve and 
the rudder has been displaced in an amount propor- 
tional to the trim actuator shaft movement. 


Rudder Trim Actuator. 


Тһе rudder trim actuator, located in the lower aft sec- 
tion of the vertical stabilizer, consists of four internal 
switches (two limit switches and two position switches) 
and a d-c motor that drives the actuator rod. The two 
limit switches protect the motor by interrupting the 
circuit when the actuator reaches the fully extended 
and the fully retracted positions; the two position 
switches determine the neutral position of the actuator, 
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Provide the electrical connections to drive the actuator 
to its neutral position for takeoff trim, and illuminate 
the takeoff trim warning light. 

(The rudder trim actuator is energized by 28-volt, d-c 
power when the trim switch on the utility switch panel 
lis positioned. Тһе trim actuator 15 also energized when 
the takeoff trim switch is actuated and the trim actu- 
lator is not in its neutral position. Power to che take- 
off trim circuit is routed through the nose landing 
gear UP switch so that the system із inoperative when 
the airplane is airborne. A procedure for adjustment 
of the internal limit switches is outlined іп your 
IF-102A maintenance handbook, Т.О. 1F-102A-2-7. 


EMERGENCY OPERATION OF FLIGHT 
CONTROL SYSTEM. 


There are no emergency provisions directly incor- 
|porared within the flight control system. However, 
there are indirect emergency systems governing the 
power sources. Às you remember, hydraulic power is 
supplied to the control system through two completely 
lindependenc systems. Either of these systems із сара- 
ble of powering the flight control systems. Maneu- 
iverability, however, is reduced when operating on 
only one system; the automatic flight control and pitch 
and yaw damper systems will not operate if the sec- 
ondary hydraulic system becomes inoperative. Àn 
emergency hydraulic system is provided ro supply 
power to the primary system in the event of an engine 
failure. 


"The electrical power systems provide two sources of 
emergency electrical power. Ап emergency alternator 
supplies power in the event of an alternator failure 
"while the battery supplies power іп the event of a 
generator failure. Since the pitch and yaw damper 
systems and the automatic flight contro! system re- 
iceive power from nonessential buses, which are dis- 
connected in emergency operation, the systems are 
automatically disengaged during an electrical power 
failure. 


І 
'MAINTENANCE OF THE RUDDER 
CONTROL SYSTEM. 


[Maintenance problems of various parts of the rudder 
control system were discussed throughout the chapter. 
You learned that the best way to handle а maintenance 
problem is со refer to the trouble shooting tabular 
lists in the F-102A maintenance handbook, T.O. iF- 
102A-2-7. These lists outline the probable cause of a 
malfunction and corrective measures со be taken. The 
above mentioned handbook also establishes proce- 
dutes for removal, installation, and adjustment of the 
control system components, in addition to information 
(concerning ground servicing and lubrication of rhe 
control system. Trouble shooting should Бедїп-аг the 
power systems. Make sure that the control systems are 
; 
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receiving power from the separate sources involved 
before trouble shooting the control systems or their 
components. Before replacing a component that is sus- 
pected of a malfunction, make sure chat the compon- 
ent is receiving power. 


OPERATIONAL CHECK AND TESTING, 


To maintain the operating efficiency of the F-102A 
flight control syscem and to insure chat all parts of the 
system are functioning within specified limits, you will 
be required to perform operational checkout and test- 
ing of the system and its components. Operational 
checkouts are performed after reinstallation or replace- 
ment of any component, after а malfunction of the 
system. has been corrected, and at established periodic 
intervals. If any malfunctions are encountered during 
the operational check of the system, refer to the trou- 
ble shooting tabular lists as explained above. Your 
F-102A maintenance handbook also ouclines in a step- 
by-step fashion a procedure established for perform- 
ing the operational check and testing. Before per- 
forming the operational check on the flight control 
system, certain preparations must be made, safety pre- 
cautions must be taken, and certain conditions must 
be observed. These steps are discussed in the following 
paragraphs. 


Precheck Preparations. 


Preparations that you will be required to perform be- 
fore an operational check of the control system include 
a visual inspection of the system for obvious errors in 
installation, clearances, cracks, distortion, and secu- 
rity; providing a portable hydraulic test stand and con- 
necting che stand to the primary and secondary hy- 
draulic systems of the airplane; connecting external 
electrical power to che airplane electrical systems; and 
providing a controllable source of dry, filtered air or 
nitrogen. 


Safety Precautions. 


It will be your responsibility to see that all areas ad- 
jacent со movable control surfaces and components 
are cleared of all objects and personnel before per. 
forming the operational check. Also station personnel 
at switches and controls that will be powered before 
you connect external electrical or hydraulic power to 
the airplane. This will prevent inadvertent actuation 
of the system or components that would.endanger per- 
sonnel or damage equipment. 


Conditions To Be Observed. 


Аз you recall, a portable hydraulic test stand is re- 
quired for performing an operational check of the 
control system. When this test stand is used, it must 
be connected to both the primary and secondary hy- 
draulic systems. If this is not done, pressure in the 
secondary system alone will cause the pressurized hy- 
draulic fluid to bleed through interconnecting com- 
ponents to the primary system. 
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Before performing an operational check of the rud- 
der contro! system, be sure that the trim system is 
properly rigged first. Àn improperly rigged trim sys- 
tem will adversely affect the proper functioning of 
the rudder control system. In other words, an opera- 
tional check of the trim system must be performed 
before an operational check of the rudder control 
system, 


REPLACING THE RUDDER. 


The rudder, shown on figure 3-15, is attached to the 
rear spar of the vertical stabilizer with two hinge bolts 
and to the airplane structure at the lower support fit- 
ting. Also, three bonding jumpers join tlie rudder to 
the rear spar of che vertical stabilizer. To remove the 
rudder, it is first necessary to disconnect the rudder 
actuator at'the rudder horn. The bonding jumpers are 
then disconnected at the rudder. After removing the 
bolts that attach the lower support fitting to the air- 
plane structure, support the rudder and remove the 
two hinge bolts. The rudder is moved aft to clear the 
hinge fittings and then tilted to clear the upper sec- 
tion of che fin. 


During installation of che rudder and at established 
periodic inspections, lubrication of the rudder hinge 
points and the actuator cylinder bearing at the rud- 
der horn is required. Also, when installing the rudder, 
there are bolt torquing requirements to be observed. 
Refer to your F-102A maintenance handbook, T.O. 
1F-102A-2-7, for the type of lubricant specified, the 
inspection interval when lubrication is required, and 
for bolt corquing requirements. The above mentioned 
handbook also outlines in a step-by-step fashion the 
precedure for installing the rudder. 


RIGGING THE RUDDER CONTROL SYSTEM. 


The basic requirement of the rigging procedure is to 
maintain the mechanical and hydraulic components 
in a neutral position while rigging the system. The 
neutral position is maintained by inserting rigging 
pins in rigging pin holes in the system bell cranks 
and airplane structure. The rigging pin holes іп the 
system components and the airplane structure, when 
properly matched and locked in this position with the 
rigging pins, maintain the system in neutral. It is pos- 
sible co use portions of the rigging procedure rather 
than the entire procedure, provided that portion of 
the system lies between two rigging pins, or between 
a rigging pin and the neutral position of the control 
surface. However, neutral positions of other compon- 
ents must be checked. Rigging of the rudder control 
system should be performed whenever a component 
has been removed from the system and replaced or 
reinstalled, 
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After rigging of the system is complete, an operational 
check must be performed to insure that all parts of 
the system are functioning within specified limits. Be- 
fore performing an operational check of the rudder 
control system, be sure that the trim systems are prop- 
erly rigged first. Ап improperly rigged trim system 
will adversely affect the proper functioning of the 
rudder. 


Before rigging the control system, make sure that 
hydraulic pressure is relieved from the hydraulic sys- 
tem and the accumulators. No specific rigging proce- 
dures will be given in this training supplement. Refer 
to your F-102A maintenance handbook where you will 
find the rigging procedure outlined in a step-by-step 
fashion. 


SPECIAL TORQUE VALUES. 


АП bolts that connect the various linkages and secure 
the components in the control systems must be torqued 
to specified values. Torque values, as you probably 
know, are the measurement (in inch-pounds or foot- 
pounds) of how much force can be applied to a wrench 
to turn a bolt or other type fastener. The force applied 
is dependent on the diameter of the bolt and the ma- 
terial of which the bolt is made. Special type wrenches 
called "torque wrenches" are used to apply this meas- 
ured force. One type of torque wrench has a dial indi- 
cator to measure the amount of torque applied; how- 
ever, there are also other types. 


Torque values are established to prevent undertorqu- 
ing or overtorquing a fastener. Too tight is as bad as 
not tight enough. If you overtorque a bolt, for ex- 
ample, you stretch the bolt beyond its elastic limit. 
The bolt either breaks or weakens to the point where 
it is not doing its job. Overtorquing can also distort 
the material under the bolt head or nut. Refer to your 
applicable Е-102А maintenance handbook for specified 
torque values. 


LUBRICATION OF THE SYSTEM. 


Various components of the control system require Ju- 
brication during installation and at other specified 
intervals. Refer to your applicable F-102A maintenance 
handbook for these lubrication requirements. Lubrica- 
tion charts in the handbook specify the type of 
lubricant to be used and the time intervals at which 
the various components of the control system require 
lubrication. The charts also indicate, by visual refer- 
ence, the points to be lubricated and any special type 
equipment that will be needed. 
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Figure 3-15. Rudder Installation 
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SUMMARY. 


Тһе first two chapters of this flight control system 
training supplement were concerned with the basic 
theory of flight controls, the Е-102А flight control sys- 
tem, and the elevon control system. In this chapter, 
you learned abour the rudder control system and how 
it operates, the mechanical and hydraulic components 
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and their functions wichin «һе system, the artificial 
feel system, and the trim system. The last part of this 
chapter was devoted to a discussion of maintenance 
procedures, including operational checkout and test- 
ing and rigging of the rudder control system. 


In the following chapter, you will learn about the 
pitch and yaw damper systems and their function in 
the F-102A flight control system. 


FLIGHT CONTROL SYSTEM 


Chapter IV 


PITCH AND YAW DAMPER SYSTEM 
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iWHY A DAMPER SYSTEM IS NECESSARY. 


|A damper із a device chat controls che vibration or 
l oscillation of a moving body abour its axes. One of 
the most common dampers we encounter today is the 
| Shock absorber on the automobile. You are probably 
(aware of the function of the shock absorber—espe- 
‘cially if you've driven a car a great number of miles 
ı Without replacing these parts. You may have noticed 
that every small bump in the road caused the body to 
pitch and sway in an uncontrolled manner. This hap- 
pens because the shock absorbers did not dampen rhe 
accion of the springs. 


You can easily observe this damping action while the 
car is at rest by raising the front bumper and quickly 
releasing it. If the front end of the car rebounds once 
and returns to a normial position, the shock absorbers 
are doing their job. On che other hand, if the front 
continues to rise and fall several times, the shock ab- 
sorbers are worn out and the springs continue to toss 
the body up and down. 


Airplanes flying through the air require shock ab- 
' sorbers the same as automobiles traveling down che 


highway. ЈЕ some force—such as a gust of wind— 
causes the airplane to start oscillating, it is going to 
deviate from its course and will continue to oscillace 
until che natural stability of che airplane returns the 
craft to normal flight. Depending on the design of 
the aircraft, chere are varying amounts of “built-in” 
scability. A general rule is that large passenger and 
cargo planes possess great natural stability due to their 
design, bur consequently they suffer in maneuvera- 
bility and performance. On the other hand, fighter- 
type aircraft—designed for maximum performance 
and maneuverability—are relatively unstable. 


When planning a new airplane such as rhe F-102A, 
designers must follow certain specifications as to per- 
formance, range, maneuverability, and size. Since the 
requirements for the F-102A were so extreme, the 
compromises in design го attain the desired character- 
istics (of high speed, maneuverability, and relatively 
smal! size), resulted in some sacrifice of natural sta- 
bility. However, the overall design of the F-102A 
makes it one of the most stable aircraft of its type in 
production. 
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Figure 4-1. The Aircraft Axes 


WHAT AN AIRCRAFT DAMPER 
SYSTEM IS. 


То compensate for the lack of stability, designers have 
substituted an artificial means of providing stability 
in the F-102A. This artificial control is known as a 
damping system. Such systems not only superimpose 
damping control surface movements on the normal 
pilot contro] movements but also they automatically 
operate in special automatic flight modes of operation. 
This results in a stable aircraft at all times. 


THE DAMPER SYSTEMS ON THE F-102A. 


This chapter will acquaint you with the damper sys- 
tems employed on the F-102A, You will learn of the 
components comprising these systems and their opera- 
tion. With one major exception, these damper systems 
—the pitch and yaw—are quite similar in circuitry, 
components, and theory of operation. This one excep- 
tion is the axes that the systems control. To acquaint 
you with the axes of the aircraft, let us consider the 
examples shown in figure 4-1. 


Note in the illustration, figure 4-1, the three axes of 
the аігёгаёс. The rotation of the aircraft around the 
longitudinal axis (x-x) is known as roll. The rotation 
around the vertical axis (2-2) is called yaw. The rota- 
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tion around the lateral axis (у-у) is pitch. Picture in 
your mind the surfaces that control the airplane move- 
ment around these axes. The ailerons control the roll, 
the rudder controls the yaw, and the elevators control 
the pitch, Therefore, a damper system chat would cor- 
rect a deviation from any of these axes would naturally 
be connected to the control surface for this particular 
axis. 


A TYPICAL DAMPING SYSTEM. 


Figure 4-2 shows a block diagram of a damper system 
similar to that installed in early series Е-102А aircraft. 
Later versions do not incorporate an electrica! feed- 
back, but utilize а mechanical centering device that 
accomplishes the same purpose as the servo actuator 
feedback. Notice that the main components of this 
damper system are a rate буго, an amplifier, a servo 
motor, and a feedback potentiometer. The rate gyro 
and the control surface actuator each have wiper arms 
that pick off voltages from a potentiometer. In the 
case of the rate gyro, this voltage corresponds to the 
vate of deviation. Yn the control surface actuator, the 
voltage i$ proportional to control surface movement. 


Assuming that the aircraft tries to move off course due 
to an external force, the rate gyro senses this force and 
sends a signal proportional to the rate of deviation to 
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the amplifier. The purpose of the amplifier is to am- 
plify the signal to a strength sufficient to drive the 
servo motor. The servo motor moves the control sur- 
faces at a rate proportional to the amount of devia- 
tion sensed by the rate gyro. The movement of the 
control surfaces counteracts the deviation and quickly 
corrects the flighr path. 


However, if we leave the system in such a state, the 
control surface remains in the position necessary to 
‘counteract the original deviation. Thus, the airplane 
will attempt to go from the neutral position to the 
(position directed by the new control surface position. 
"Тһе rate gyro senses the new deviation and again 
lends corrective signals to the amplifier. The servo 
Imotor receives the amplified signal and moves the con- 
trol surface to a new position. Such a device would not 
be satisfactory since the system would keep making 
а Continuous correction. 


"Го overcome this undesirable characteristic of damper 
action, designers have added a feedback circuit from 
һе control surface actuator back to the amplifier. The 
|part of the amplifier that receives this feedback signal 
is called the summing stage because it actually adds 
the signals algebraically. 


"The summing stage of the amplifier operates in the 
manner of a balance. For example, if the rate gyro 
186088 а --10 volt signal to the amplifier, the control 
[surface moves a distance proportional to the rate gyro 
Signal. When the control surface moves, the wiper arm 
jattached to the actuator moves along the potentiometer 
[until it picks off a —10 volts. Referring to the block 
diagram (figure 4-2), you can see that this feedback 
[signal is sent to the summing stage of the amplifier. 
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! Figure 4-2. Block Diagram of a Typical Damper System 


Since the rate gyro signal and the control surface 
feedback signal are in the summing stage of the ampli- 
fier at the same time, the two signals (of opposite 
polarity) balance each other..Gonseqüently the ampli- 


‚бег no longer sends. ағы АГ to the servo motor and the 


control. surfacés"s $top moving. 


As the forces acting on the aircraft become less and 
less, the signal from the rate gyro diminishes, But the 
summing stage of the amplifier is still receiving the 
—10 volt signal from the wiper arm at the control 
surface actuator. The amplifier sends this signal to the 
servo motor and drives the control surface back toward 
the original or neutral position. When the control sur- 
face moves to the neutral position, the damper system 
has completed a cycle of operation. Let us briefly re- 
count what has happened. Тһе rate gyro sensed a devi- 
ation, the wiper arm mounted on the gyro case picked 
off a deviation signal proportional to the rate of devia- 
tion and sent the signal to the summing stage of the 
amplifier. From here the amplified signal traveled to a 
servo motor. The servo motor moved the control sur- 
face and counteracted the deviation of the aircraft 
from the desired course. During the movement of the 
control surface, a wiper arm picked off a voltage of 
opposite polarity from its potentiometer—the amount 
of signal corresponding to the position of the control 
surface. This feedback signal went into the summing 
stage of the amplifier and balanced or cancelled the 
deviation signal from the rate gyro. Thus the servo 
motor stops driving as the control surface has com- 
pensated for the deviation. This leaves the summing 
stage of the amplifier with only the negative signal 
from the control surface actuator. The rate gyro is 
then in a neutral position. The amplifier sends the 
negative signal to the servo motor causing it to drive 
the control surface back towards the neutral position. 
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Figure 4-3. Gyro Precession 


'Thus, the damper system has sensed a deviation, 
counteracted the deviation (with a movement of the 
control surface), and moved the control surface back 
to neutral. Incidentálly, this happens so quickly and 
smoothly, the pilot never kñows that it has taken 
place. 


COMPONENT DESCRIPTION. 


To adequately understand the sequence of events de- 
scribed in the operation of a typical damper system, 
you must learn the theory of operation of the separate 
components. Since the rate gyro initiates the action of 
the damper system, lec us examine the construction 
and operation of a typical rate gyro. 


The Rate Gyro. 


Тһе rate gyro operates on the principle of the gyro- 
Scope. А gyroscope is nothing more than an accurately 
balanced flywheel spinning rapidly around a central 
axis. Two important characteristics of gyroscopes are 
Shown in figures 4-3 and 4-4. In figure 4-3, note that 
the gyro moves at right angles to che applied force. 
This characteristic of a gyroscope is known as рте- 
cession. Тһе term precession means the act of pre- 
ceding or leading. Actually, the movement of the gyro 
does precede the force 90? in the direction of rotation. 


Another kind of precession, apparent precession, ex- 
plains the other characteristic of gyroscopes; this is 
Shown in figure 4-4. Gyroscopes resist any force which 
tries to change the direction of their axis. This rigidity, 
or gyroscopic inertia, can be illustrated in the follow- 
ing manner. If you mount а gyro in a universal mount- 
ing that is free co move in any direction, and main- 
tain the rotation of the gyro for 24 hours, the gyro 
will remain "fixed" in space regardless of the earth’s 
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rotation. If the axis of the gyroscope is vertical at the 
equator at 6 a.m., it will appear horizontal at noon, 
upside down at 6 p.m., and return to the original po- 
sition at the end of the 24 hour period. 


"These characteristics of the gyroscope make it an ideal 
device to serve as a reference plane for direction and 
attitude of the aircraft—it will tend to remain in its 
original position and its movement can be predicted 
from an applied force. Now let us examine how the 
gyroscope is able to tell the controls that the airplane 
is deviating from the desired course. 


PRINCIPLES OF THE AUTOPILOT. Pitch and yaw 
dampers are only refinements of autopilots using prin- 
ciples which have long been known. In some applica- 
tions, especially in early systems, the autopilots de- 
pended on displacement gyros for their deviation sig- 
nals, А displacement gyro is опе in which the attitude 
of the airplane is measured in reference to the fixed 
axis of rotation of the gyro. А potentiometer is at- 
tached to the gyro in such a manner that as the air- 
plane deviates from a neutral attitude, a signal volt- 
age is picked from the potentiometer that is propor- 
tional to the amount of airplane movement from the 
neutral attitude. Consequently, a corrective control sur- 
face displacement results which is proportional to the 
deviation of the airplane from neutral. This system of 
automatic flight control in which the control surface 
is moved а distance proportional to the airplane atti- 
tude deviation is a very common one. 


The autopilot has used a satisfactory proportional sys- 
tem for many years, but it is not intended for damp- 
ing functions. Variations in airplane attitude are too 
great before corrective control is applied, to be of 
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service for armament fire control purposes. Conse- 
quently, damping systems employ a system mechaniza- 
‘tion which applies a corrective surface movement ас 
is proportional to the rate of deviation of the airplane. 
| 
To better understand what is meant by rate of devia- 
tion, consider the airplane as a pendulum. When the 
pendulum swings to one of its limits, as shown in fig- 
iure 4-5, you can see that it has traveled its maximum 
idisplacemenr. When the pendulum reaches maximum 
‘displacement, it stops before swinging back in the 
other direction. From this we can say that maximum 
displacement results in zero rate of displacement. The 
opposite of this condition would be the dead center 
point in the return swing. In this condition, the гаге 
of displacement is maximum and che displacement is 
| zero. 
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To effectively understand how the damping system 
enters into this piccure—let us see what would be the 
best way to stop the pendulum from swinging. Con- 
sidering the airplane, the most logical place would 
be near the center of the swing, This is the point where 
rate of movement is maximum aríd displacement is 
zero. Thus, displacement could be kept to a minimum. 


The rate gyro’s job is to sense the rate of displacement 
of the aircraft from a particular axis, and through a 
center-tapped potentiometer and a wiper arm pick off 
a positive or negative voltage that is proportional to 
the rate of deviation. An important fact to remember 
is that the rate gyro is mounted in such a manner 
that it is free to move only around one axis. The axis 
in which the gyro is restrained (or fixed so that it 
cannot move) is referred to as the rate input axis. А 
deviation of the aircraft from this axis causes the gyro 
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Figure 4-5, Theory of the Rate Gyro 


to precess in its free axis. Another feature of rate 
gyros is the rate springs that limit or control the 
amount of precession, The reason for this is that the 
rate can be varied according to (Пе sensitivity desired 
in the system. For example, the pitch and yaw rate 
Byros each have 20? rate springs. This means that a 
deviation along the pitch or yaw axis of 20? per sec- 
ond will give maximum potentiometer wiper агт 
displacement. On che other hand, che roll rate gyro 
has 90° rate springs. These springs are designed to 
give maximum wiper arm displacement when the air- 
craft roll rate reaches 90? per second. 


Let us review rate gyro operation. Note in figure 4-6 
that when the airplane changes attitude or deviates 
from its course, the rate gyro fixed along the axis of 
deviation will precess. The gyro will precess until. it 
is stopped by the rate springs. Thus, the gyro will act 
against rhe гасе springs in an amount that 18 propor- 
tional со che deviation rate. With the wiper arm at- 
tached to the gyro, the precessing movement will re- 
sult in an appropriate pickoff voltage from the po- 
tentiometer fixed on the case of the gyro. Thus, the 
purpose of a rate gyro is to sense the direction and 
rate of displacement from a reference state of rest. 


Тһе gyro consists of a rapidly spinning rotor mounted 
in а housing which in turn is supported on ball bear- 
ings in a frame. The rotor housing is free to move or 
precess abour ove axis only—the axis through the ball 
bearing supports. The gyro is sensitive to and meas- 
ures the rate of rotation of the airplane through the 
base of the gyro and perpendicular to the pivot points. 
Two coil springs, atrached to rhe housing and to a 
bracket on the frame, return the gyro to neutral whien- 
ever it tilts in either direction. Rotation of the refer- 
ence plane will cause the rotor to tilt (precess) about 


96 


the mounting axis. One of the coil springs will chen 
apply a force tending to return the rotor to the orig- 
inal position when the returning force of the spring 
equals che precessional force of the gyro, and the 
movement of the gyro will be proportional to the 
rate of turning of the reférence plane. 


М а potentiometer is attached to the housing, and the 
wiper arm of the potentiometer is attached to the 
frame, a signal voltage will be picked off which will 
be proportional to the rate of the turn. As you have 
already learned, the strength of the springs which re- 
strain the tilting of the gyro determines the maximum 
turning rate at which the potentiometer will be fully 
displaced. The spring strength and che dynamic char- 
acteristics of the gyro together determine the response 
of the gyro, For example, a spring whose strength is 
such chat а 10 degree-per-second turning rate pro- 
duces a full potentiometer displacement is said to be 
a 10 degree spring. 


FUNCTION OF THE RATE GYRO. The rate gyros 
develop electrical signals which are proportional to 
the rate of deviation of the airplane about its axes. 
These signals are such as to produce control surface 
displacement opposing the airplane's deviation. 


Note іп figure 4-7 that the gyroscope is mounted to a 
support ring in a manner so that it is free to precess 
only about an axis perpendicular to the line of flight 
of the airplane, The spin axis of the gyroscope is nor- 
mally maintained parallel to the line of flight, and to 
the base of the gyro, by means of two coil springs 
whose ends are attached to the support ring and che 
base of the gyro. An adjusting screw on each of the 
spring supports, enables individual adjustments of the 
spring tensions for proper centering of the gyroscope 
support ring assembly. 
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Тһе precessing force, applied to the rapidly spinning 
gyroscope rotor whenever the airplane rotates about 
а particular axis, causes the gyroscope support ring to 
tilt from ics parallel position with respect to the gyro 
base. This stretches one of the coil springs and іп- 
troduces an opposing force which tends to balance 
the precessing force. The gyro support ring thus 
feaches a position of rest where the spin axis of the 
gyroscope is tilted at an angle which is proportional 
to the airplane's rate of turn. То measure the gyro- 
scope angle of tilt, note that the support ring is pro- 
vided with a potentiometer wiper which contacts a 
tylindrical, wire-wound potentiometer attached to the 
куго base assembly. 

The gyroscope portion of the rate gyro consists of an 
lectric motor which operates on 115-хоіс, 400 cycles- 
per-second, single-phase, alternating current. The as- 
sembly differs from a conventional motor in that the 
motor consists of a cylindrical shell which completely 
encloses the stationary stator assembly. Spinning with 
а velocity of 18,000 rpm, and with the rotating mass 
Qutside the stator, maximum gyroscopic action is thus 
dbrained per unit of overall weight. 


Тһе gyroscope proper 18 mounted in the support ring 
with rotor freedom being provided by ball bearings. 


WIPER IS IN FIXED ...THE POT WINDING 
POSITION IN IS ATTACHED TO ACROSS THE WINDING. 
POSITION TO ROTOR THE CASE 
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VERTICAL, WHILE THE CASE 
AND ITS ATTACHED 
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PLANE. THUS IN EFFECT, 
THE WIPER IS MOVED 


Figure 4-6. The Origination of the Rate Gyro Signals 


Тһе support ring is mounted on the gyro base by 
means of additional ball bearings which reduce the 
frictional resistance to gyro precession to a minimum. 
Тһе gyroscope rotor is dynamically balanced, and the 
gyroscope support ring assembly statically balanced 
to eliminate the possibility of gyro precession due to 
unbalance within the gyro itself. 


Тһе entire rate gyro assembly is protected from dirt 
and accidental damage by a cover attached to the base 
assembly. A line-of-flight arrow on the gyro base in- 
dicates the proper mounting position of the unit and 
must be aligned with the desired airplane axis. 


Due to the highspeed of the gyro and the critical tol- 
erances of the bearings and shaft, there is a provision 
for keeping the gyro at a fairly even temperature for 
maintaining the tolerances. Later in the schematics 
of the damper systems you will find that there are 
thermostatically controlled heating devices within the 
Cover of the gyro. These devices maintain the tem- 
perature at 759 (2c 109)Е. 


The Amplifier in a Typical Damping System. 


Direct current voltages are used almost exculsively in 
the damper system amplifiers of the F-102A. For this 
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Figure 4-7. The Rate Gyro 


reason, we will not discuss a-c amplifiers, but will 
limit our discussions to the specific application of the 
d-c amplifiers found in «һе F-102A. 


In most cases, direct-current amplifiers are used to 
amplify 4-с voltages. А simple d-c amplifier is shown 
in figure 4-8. As you can see, it consists of a single 
vacuum tube with a grid resistor across the input 
terminals and with the load in the plate circuits. The 
load may be some sort of mechanical device, such as 
a relay ot a meter, or may be the input to another 
amplifier. The d-c voltage that is to be amplified must 
be applied directly to the grid of the amplifier tube. 
For this reason, only direct coupling can be used in 
the amplifier input circuit. 


In the F-102A, d-c amplifiers are used as voltage reg- 
ulators where small changes of voltages must be am- 
plified for control purposes. Figure 4-9 shows the two 
stages of a direct-coupled amplifier. Note that a d-c 
voltage is applied directly to the grid of che first stage. 
The output of the plate of this first stage is coupled 
directly to the grid of the second stage. An interest- 
ing point that you should remember is that the d-c 
voltage on the first stage does not necessarily герге- 
sent a signal from only one source. It can be a com- 
bination of signals from several sources, as you will 
learn later in the discussion of the yaw damper system. 
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For this reason, the first stage (tube) of a d-c amplifier 
is called a summing stage. In the summing stage there 
is a small amplification as well as summing, because 
the input signals to the second stage grid must always 
be greater than the inputs to the summing grids. 


THE TRIODE. From the previous discussion, you have 
learned the general principles of amplification. Now 
let us examine the theory of amplification at the source 
of the amplification—the triode. As you know, a triode 
is a tube that contains three active elements—a cath- 
ode, a control grid, and a plate. The cathode has a 
negative potential with respect to the plate, the grid 
has a vacying potential, and the plate is always positive 
with respect to the other elements. Variations of the 
voltage on the grid permit régulation of the plate 
Current. You can see how this is accomplished by 
studying the detail views in figure 4-10. Note that the 
electrostatic field arrows are drawn to indicate the 
direction in which the emitted electrons are attracted. 


In detail A, the control grid (represented by the small 
circles) is made so negative with respect to the cathode 
that all lines of force terminate on the grid and по 
field exists between the cathode and the plate. This 
field is in such a direction that it causes the return of 
the electrons emitted from the cathode. Thus, there 


are no electrons that reach the plate from the cathode, 
and the plate current is therefore zero. 


Detail B shows what happens when the grid is made 
less negative. There are two forces at work in this 
detail B. The first force is that which exists between 
the plate and the cathode. The plate potential is 
much more positive than the cathode. This positive 
potential is an attraccing force to the electrons оп the 
сафое, The second force is that of the grid. The grid 
is more negative than the plate. This force tends to 
гере! the electrons traveling to the plate and sends 
them back to the cathode. But, if this grid potential 
is made less and less negative, the plate current flow 

ill increase. The variation of the voltage on the grid 
lee more effect on the electron flow than a similar 
amount of variation of the plate voltage. This can be 
explained by the fact that the velocity of the electrons 
at the cime they reach che grid is not as great as the 
velocity of those (һас reach the plate. Because of this 
distance-velocity relationship, you can see that the 
potential on the grid will have much more effect on 
the electron flow than the plate potential, 


In detail C, the negative voltage on the grid has been 
teduced to zero. This leaves дају one force, plate volt- 
аде, co affect electron flow. Plate current is high under 
these conditions, since the emitted electrons no longer 
experience a repelling force from the grid. However, 
Some electrons strike the contro! gird and cause a 
small grid current flow. 


Ап interesting case is shown in detail D. Here the 
control gird is made more positive than the cathode, 
and the grid and plate potentials create electrostatic 
fields that attract the emitted electrons. Under these 
conditions, both plate current and grid current flow 
are quite high. 
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Figure 4-8. A Simple D-C Amplifier 


You have seen that the grid voltage has a greac effect 
on the flow of plate current in a triode. By varying 
the potencial on the grid from a very negative to a 
slightly positive voltage, plate current flow varies 
from zero to a maximum. Thus, the grid may be con- 
sidered to Бе а valve, апа variations in its potential 
cause either an increase or decrease in the flow of elec- 
trons to rhe plate. 


The Servo Motor of a Typical Damping System. 


'The term SERVO, as used in electronics, means a device 
that supplements a primary control operated by a com- 
paratively feeble force. In the case of the damping 
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Figure 4-9. A Direct Coupled Amplifier 
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Figure 4-10. Operation of a Triode 


system, the servo actuator torque motor causes the con- 
trol surfaces to move as a result of the amplified 
error pick-off voltage from the rate gyro potentiom- 
eter. The primary control of servos is usually an auto- 
matic device for measuring position or voltage and 
the variations of this primary control cause the servo 
motor to respond. Thus, the primary control can be 
used as a correction or compensating device such as 
the rate gyro in a damping system. 


The torque motor in the servo actuator (and the HEP 
valve in later flight control systems) corresponds to 
the servo motor discussed previously. Actually che 
torque motor is not a motor in the conventional sense; 
it is simply a flipper in the servo actuator that restricts 
the flow of hydraulic fluid through two ports within 
the value chamber. The flipper position is determined 
by differential current flow through coils in the 
torque motor. 


You remember that a servo motor operates only in 
response со the error pick-off voltage from the primary 
control or the feedback signal from the potentiometer. 
Thus, it affects movement of the control surface only 
ас а rate proportional to the deviation measured in che 
summing stage of the amplifier. 
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The Control Surface Feedback Circuit. 


То make the conventional servo system complete, it is 
necessary to have a feedback from the control surface 
to the summing stage of the amplifier. Early versions 
of the flight control system incorporating the servo 
actuator have electrical feedback, as shown їп figure 
4-11. You can see that the feedback is located in the 
lower left portion of the servo actuator and moves 
according to the position of the actuator piston rod. 
Depending on the precession of the gyro, the output 
voltage from the rate gyro pick-off will fall within 
thé maximum positive and negative voltage of the 
potentiometer. Аз you know, (һе voltage from the 
rate gyro is placed on the grid of the summing stage 
tube in the amplifier. 


Later versions of the flight control systems which in- 
corporate che HEP valve do not require an electrical 
feedback. A unique mechanical spring-centering de- 
vice in the torque motor chamber causes the control 
surface to return to neutral as the signal from the rate 
gyro to the torque motor decreases. In the damper sys- 
tem, the electrical and mechanical components are de- 
signed in such a manner that the feedback signal is 
of che same quantity, but of opposite polarity (180° 
out of phase) to the rate gyro signal. Assuming that 
the servo motor is phase-sensitive, che introduction of 
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this feedback signal causes the motor to drive in the 
opposite direction. This causes the control surface to 
move back to the original position. Referring back to 
the block diagram of a typical damper system (figure 
4-11), you can see that there is a complete tie-in be- 
tween the amplifier, the servo motor, the control sur- 
face, and the control surface feedback potentiometer. 
This tie-in forms a loop that is commonly referred to 
45 a servo loop. 
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DAMPER SYSTEM POWER SOURCES 
AND DISTRIBUTION. 


Аз you will learn later in this chapter, the damper 
systems require a variety of voltages to perform their 
function. These values are -|-200, —200, 4-105, —105 
and -|-28-volts d-c and 200/115-volts, 400-сусіе a-c with 
а 55-volt a-c pick-off to the monitor relays. In this sec- 
tion, you will learn of the power sources and the 
distribution of these voltages. 


А-С POWER SOURCE FOR THE DAMPER SYSTEMS. 


The 200/115-volt, 400-cps, phase B power for the 
damper system is taken from the FLIGHT CONTROL 
NON- ESSENTIAL BUS located in the main wheel 
well. What is meant by the 200/115-volt portion of 
the power description? As you know, most aircraft a-c 


power is obtained from 3-phase, 400-cycle alternators. 


FLIGHT CONTROL SYSTEM 


О 


"унш. иа 
— 
= 


FLIPPER 


CENTERING 
RELEASE 
PRESSURE 


= шаг 
ia 
> 


шин 
Ето 


ACTUATOR CYLINDER 


Figure 4-11. The Servo Motor of a Typical Damper System 


In these alternators, there are three armature coils, 
each producing a separate phase of voltage. The al- 
ternator in the Е-102А is rated at 208/120-volts out- 
put. If you examine the diagram in figure 4-12, repre- 
senting the three armature coils, you can see how these 
various voltages are obtained. 


'The output voltages between T1 and T2, T2 and ТЗ, 
or T3 and T1 will measure 208 volts. You will also 
find that the output between ТІ, Т2, or ТЗ and 
ground is 120 volts. Note that there are three phases 
of voltage from the alternator—Phase 1 or (A), 2 (B), 
and 3 (C). Normally on schematics and bus identifi- 
cations in the aircraft, you will see 200/115-volt with 
various phase designations. А wye-to-delta, 200/115- 
volt transformer is designed so that the 208/120-volt, 
3-phase, 400-сусіе a-c output can be tapped off as 115- 
volt, phase B and phase C. Thus, the voltage taken 
Бот the FLIGHT CONTROL NON-ESSENTIAL 
BUS (phase B), shown in figure 4-12, is a single phase 
voltage. For a more detailed account of the alternator, 
you should refer to the Electrical Maintenance Train- 
ing Supplement in this series. 


Why А-С Power 15 Used in the 
Flight Control System. 


The one direct use of the 115-volt, 400-сусіе, a-c volt- 
age in the damper systems is gyro power. Otherwise 
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Figure 4-12. The Three Armature Coils of the Alternator 


the a-c voltage is rectified to direct current. One of 
the outstanding features of alternating current is its 
versatility. It is far more practical to transmit high 
a-c voltages in aircraft than similar d-c voltages. There 
are several reasons for this—a-c line losses are not as 
high as d-c losses, and the size of components used 
in the system can be much smaller and therefore lighter 


in the a-c system. Another consideration is the fact 


that alternating current can readily be converted to 
direct current by means of rectifiers. Such a system рег» 
mits many advantages—the most obvious being that 
relatively high a-c voltages can be generated at a re- 
mote source, transmitted efficiently to the using com- 
ponents, and converted to similar high d-c voltages in 
close proximity to their use. This is the most impor- 
tant application of a-c voltage you will find in the 
F-102A flight control system. There is a small heater 
voltage (6.3-volt a-c) taken from the rectifier trans- 
former that is used for the tube filament circuits. 


D-C REQUIREMENTS OF THE DAMPER SYSTEMS. 


Аз you already know, the damper systems require five 
d-c voltages. Four of these voltages are high (2-200 
and --105) while the remaining voltage is low (28). 
The four high d-c voltages are rectified a-c voltages 
while the 28-volt d-c is obtained from the aircraft’s 
28-volt, d-c non-essential bus. As you can see in fig- 
ure 4-13, the output from the 28-vole bus—located іп 
the main wheel well—is controlled from the FLIGHT 
CONTROL DAMPER circuit breaker, 


Application of D-C Power in the Damper Systems. 


Deviation signals from the rate gyros originate from 
а potentiometer with a center tap co ground. One end 
of the potentiometer connects to +105 and the ocher 
to —105-volts direct current. The signals from the rate 
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gyro potentiometers are impressed on the grids of 
triode vacuum tubes. The plates of these tubes con- 
nect to а -|-200-volt d-c source (ВАС) while the cathodes 
connect to а —200-vole d-c line. 


The --28-volt, d-c voltage is used to operate relays in 
the amplifiers. From this 28-vole d-c source there are 
various smaller d-c voltages derived through resistors. 
These are important only as they apply to individual 
Circuits and are not used generally throughout thc 
system. 


The Source of the Four Large D-C Voltages. 


Referring to the power distribution schematic, figure 
4-13, you can see that the power amplifier is located 
in the same unit with the rudder amplifier. The power 
amplifier has the function of rectifying the 115-volt, 
a-c input into the four d-c voltages which you learned 
about earlier in the chapter. The 115-volt alternating 
current is changed into direct current through a twin 
diode, full-wave rectifier circuit. 


Full-Wave Rectifiers. 


Figure 4-14 shows a typical full-wave rectifier. Іс op- 
erates similar to the one used in che F-102A damper 
system. There are two important facts to remember 
about full-wave rectifiers: 

1. The full-wave rectifier employs two diodes. 

2. The high-voltage transformer secondary of 

the full-wave rectifier is center tapped (CT). 


Note in figure 4-14 that the center tap is returned to 
ground and then through RL to the cathode of tubes 
V1 and V2. Point 1 of the high-voltage winding is 
connected to the plate of V1 and point 2 to the plate 
of V2, Thus the a-c voltage developed from 1 to CT 
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Figure 4-13. Power Distribut 
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Figure 4-14. The Full Wave Rectifier 
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is applied across V1 and the voltage from 2 to CT is 
applied across V2. 


The two diodes conduct alternately, since at any given 
instant one plate is positive and the other negative. 
One-half cycle later the polarity of the voltages is re- 
versed. The direction and path of current through 
V1 is shown by the solid arrows and through V2 by 
the dotted arrows. Both currents flow through the 
load. resistor in the same direction. The output and 
input voltage waveshapes are shown in figure 4-14. 
Note that the frequency of the pulses is twice the 
frequency of the a-c source. If 60-cycle a-c is rectified 
by a full-wave rectifier, the ripple frequency is 120 cps. 


ln full-wave rectifiers, where one-half of the high- 
voltage secondary is connected across each diode, the 
d-c output voltage is proportional to one-half of the 
secondary's a-c voltage. On the other hand, in half- 
wave rectifiers, the entire voltage of the high-voltage 
secondary is applied across the diode. The high-volt- 
age secondary winding of a full-wave rectifier must 
therefore provide approximarely twice the a-c voltage 
to give the same d-c output. Applying the principles 
of the full-wave rectifier to the schematic on figure 
4-13, you can see that the 200/115-volt, a-c voltage 
is first stepped up through transformer T-201. This 
transformer steps the voltage from its original 115-volt 
value to 185 volts. The secondary coil of the trans- 
former is center tapped to ground, so that the phase 
B voltage (single phase) now splits into two com- 
ponents of an a-c voltage. The positive cycle goes to 
the cathode and plate half of each of the twin diodes, 
while the other one-half cycle goes to the cathode 
and plate of the remaining half of the twin diodes. 
This makes it possible to achieve full-wave rectifica- 
tion and develop two d-c voltages—one of —200 volts 
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and the other of 2-200 volts. This end result of a 2-200 
volts is somewhat surprising considering the char- 
acteristics of the diode. You know that we placed 185 
volts on the cathodes and plates of the diodes—and 
here we obtain a 200-volt output—so what is the 
explanation? 


The Meaning of RMS. 


Іп most instances, the value of alternating current or 
voltage is compared with direct current. This is done 
by finding the value of the sine curve of alternating 
Current that will have the same power—or ability to 
produce heat—as a similar value of direct current. 
Thus you can see that the figure denoting quantity 
of voltage in an a-c circuit is neither the instantaneous 
nor the average value of the voltage. 


From looking at the usual diagrammatic plotting (fig- 
ure 4-15) of alternating current through a complete 
cycle (the sine wave) you might think it possible to 
find the average value of alternating current and use 
this figure for comparing it with direct current. It is 


not possible to do this because in the following power 
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formulas — Р = PR and P= уоп can see that 
power is proportional to the square of current (15), 
or the square of the voltage (E^). From this relation- 
ship the term "Root Mean Square" (RMS) is derived 
to mean the same as effective value. 


Ап example of the relation that exists between the 
maximum value of alternating current and its effec- 
tive value can be found in the following example. As- 
suming the maximum value of an alternating current 
is 100 amperes, as measured with precision equipment, 
you would then find that it has the same heating 
effect as 70.7 amperes of direct current. We can thus 
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make the statement that the effective value of a-c is 
70.796 of the maximum value, This can also be ex- 
pressed by saying the effective value equals the maxi- 
mum value multiplied by 0.707. Thus, it сап be seen 
that the maximum value is 1.41 times the effective 
value. Applying this principle to the voltages in the 

ower amplifier, we find that 185 volts times 1.41 
equal 260+ volts. Actually then, che alternating cur- 
rent reaching the cathodes and plates of the two twin 
diodes used in the rectifier has a maximum or peak 
voltage of 260-- volts. 


If we put a capacitor in the output circuit that will 
charge on the upward swing of the cycle and discharge 
on the downward swing, you can see how the voltage 
is smoothed out and also the approximate relationship 
between maximum and effective voltage. Thus, the 
peaks of the direct current output of the rectifier is 
260-- volts with an effective rating of 200. The re- 
sistors in the top of the schematic on figure 4-13 drop 
the 3-200 volts to +105 volts for use in the damper 
system circuits. 


IDAMPER SYSTEM ENGAGE CIRCUITRY 
FOR EARLY MODEL AIRPLANES. 


"To enable the damper system on early production 
models of the Е-102А to operate, hydraulic fluid under 
pressure must act on the hydraulic servo actuators. 
Unlock solenoids control the flow of the hydraulic 
fluid to these servo actuators. In the schematic on fig- 
lure 4-16, you can see that a 28-volt, d-c signal causes 
the solenoids to unlock. When the servo actuator does 
receive the hydraulic fluid, the damper signals can 
юрегаге through their control of the flipper valve in 
'the servo actuators. Аз you will soon learn, there are 
itwo unlock solenoids in the engage circuitry. One of 
,these is called che rudder unlock solenoid and controls 
|the rudder servo actuator. The other is the elevon un- 
lock solenoid and controls both elevon servo actuators. 


тһе circuit in figure 4-16 shows the complete damper 
'engage circuitry. You can see how these circuits ор- 
‘erate from the following description. You know the 
,rudder and elevon unlock solenoids located in the up- 
„рег right corner of the schematic are the critical units 
jin the engagement of the damper systems. The first 
| problem then is to find out how these particular units 
are energized, 


In the upper left corner of figure 4-16, you can see 
that 28-volt, d-c power enters the damper engage cir- 
"сайту through the FLIGHT CONTROL DAMPER 
| circuit breaker. The problem is to route power from 
| this circuit breaker со the unlock solenoids, In the 
aircraft this circuit breaker is located on the forward 
bulkhead of the main wheel weil. When the power 
enters the engage circuitry chrough the FLIGHT CON- 
TROL DAMPER circuit breaker, che next control 


FLIGHT CONTROL SYSTEM 


point is а switch in the DAMPER ENGAGE relay, 
K201. This relay is located in the RUDDER-POWER 
amplifier unit on the aft electronics compartment door. 


In order to energize the DAMPER ENGAGE relay, 
you can see that there must be a path to ground from 
relay K201 through contacts of relay K305 and K304. 
These relays, K305 and K304, are che B+ monitor 
relays—they are located in the right elevon amplifier. 
These relays will automatically close, provided you 
have closed the FLIGHT CONTROL DAMPER 28- 
volt, d-c circuit breaker and the FLIGHT CONTROL 
115-volt, 400 cps circuit breaker (and the power sup- 
plies are delivering che correct voltages to these cir- 
cuit breakers). The energizing of these relays has pro- 
vided a ground for the solenoid of relay K201. 


You can see that che EMERGENCY DIRECT MAN- 
UAL relay must also be energized in order to deliver 
power to the solenoid, To supply power to the EMER- 
GENCY DIRECT MANUAL relay, you must actu- 
ate the DAMPER ENGAGE switch in the cockpit. 
This switch is shown in figure 4-17. This is a man- 
ually operated device; however, when you actuate the 
DAMPER ENGAGE switch, you can see that it re- 
mains locked or held in position due to the action of 
а solenoid. You must also provide a bypass around 
the elevator limit switch through a set of contacts on 
the FULL AUTHORITY engage relay No. 2, К202, 
"These contacts will normally be closed when engaging 
the damper system, because K202 cannot be energized 
until after the damper system is engaged. 


You must also allow the contact of the 60 second 
time delay relay to close. This relay is a temperature 
sensitive relay that takes one minute for the bimetallic 
contacts to heat and close the circuit from the 28-volt, 
d-c FLIGHT CONTROL DAMPER circuit breaker. 


MAXIMUM OR PEAK 
EFFECTIVE (0.707 X PEAK) 


AVERAGE (0.636 X 
PEAK) 


INSTANTANEOUS 
VALUES 


BTM50933^ 


Figure 4-15. Values of A-C Voltage 
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Figure 4-16. Damper Engage Circuitry for Early Model Flight Control System 
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When these contacts close, you can see that а path 
has now been provided from the circuit breaker; 
through the time-delay relay; around K202; through 
the DAMPER ENGAGE SWITCH; through a switch 
in the EMERGENCY DIRECT MANUAL relay; 
through the DAMPER ENGAGE relay, K201; and 
completed to ground through the B-- monitor relays 
K304 and K305. With the exception of maintaining 
the contact of rhe "G" monitor relay K205 in the open 
position, this circuit results in the energizing of the 
DAMPER ENGAGE relay. The only problem left is 
to energize the EMERGENCY DIRECT MANUAL 
relay. 


Looking now at the circuit from che FLIGHT CON- 
TROL DAMPER circuit breaker to the solenoid of 
the EMERGENCY DIRECT MANUAL relay, let us 
see how the EMERGENCY DIRECT MANUAL relay 
is energized. Notice in the schematic that che ground 
for the EMERGENCY DIRECT MANUAL relay is 
through the EMERGENCY DIRECT MANUAL switch 
located on the control stick. When the switch is placed 
in che energized position, the circuit is completed to 
ground. You can see from the schematic that the con- 
tacts of the pitch "G" limiter or their bypass network 
must remain in che closed position. This is no problem 
as they will remain closed if the main landing gear is 
extended. You can also see that the DAMPER EN- 
GAGE switch must be actuated. This connects the cir- 
cuit between che ELEVATOR LIMIT switch and the 
PITCH "G" LIMITER network. Now follow the cir- 
cuit from the bypass around the elevator limit switch 
via a set of contacts on the FULL AUTHORITY relay 
Мо. 2, К202. 'This bypass permits the damper system 
to engage without having che PILOT ASSIST system 
engaged at the same time. When the 60 second time 
delay relay has closed íts contacts, power is furnished 
to che EMERGENCY DIRECT MANUAL relay, and 
the damper system is operational. 


DAMPER ENGAGE CIRCUITRY FOR 
LATER MODEL AIRPLANES. 


In the damper engage circuitry of later model Е-102А 
airplanes, che pitch and yaw damper systems are en- 
gaged separately, This was not the case with the early 
damper systems that were engaged simultaneously 
from the same damper engage switch. When engaging 
the systems separately, there is a definite sequence of 
engagement between the Yaw, Pitch, and AFCS sys- 
tems. We will begin the study of the damper sysrems 
with the engagement of the yaw damper system. 


YAW DAMPER ENGAGE CIRCUITRY. 


The YAW DAMPER ENGAGE switch is a manually 
actuated switch on the 7105" box located on the lower 
mid-section of the instrument panel, figure 4-18. The 
switch is spring-loaded to the normally open position. 
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However, once it is actuated to the ENGAGE position, 
it will remain engaged until the holding relay is de- 
energized. Note in figure 4-19, that 28-volr, d-c power 
from the damper circuit breaker is supplied to the 
Switch. You can see thar the yaw damper engage 
switch must be closed before power can continue 
through the circuit to the EMERGENCY DIRECT 
MANUAL (EDM) relay. The ground for the EDM 
relay is through the EDM switch. This switch is in 
the normally closed position except when, the pilot 
disengages the system by depressing the EMERGENCY 
DIRECT MANUAL switch on the control stick, thus 
opening the yaw damper engage circuit. 


Note also, that the yaw damper system must be en- 
gaged before the TRIM SERVO ENGAGE switch 
connects power to the trim servo circuits from the 
EDM relay. When «һе EDM relay energizes, power 
is supplied го the holding solenoid of the YAW 
DAMPER ENGAGE switch and the solenoid of the 
damper engage relay. A ground for the solenoid of the 
damper engage relay and the holding solenoid of the 
yaw damper engage switch is provided through the 
4-105 and —105-volt, d-c monitor relays located in 
the elevon amplifiers. These two relays operate only if 
- 105 and —105-volts d-c are available to the damper 
system from the rudder-power amplifier. When all of 
the previous items are operating properly, the yaw 
damper system will engage. 


PITCH DAMPER ENGAGE CIRCUITRY. 


The yaw damper system must be engaged before the 
pitch damper system will engage. Following the cir- 
cuit from the DAMPER circuit breaker, note that the 
damper engage relay and the EDM relay must be en- 
ergized before power can reach the PITCH DAMPER 
ENGAGE switch. Also note that the rudder unlock 
solenoid is energized when these two relays are en- 
ergized. 


The PITCH DAMPER ENGAGE switch is a manually 
actuated switch located below the YAW DAMPER 
ENGAGE switch. It occupies the same position as the 
DAMPER ENGAGE (Flight Mode) switch of early 
model F-102A aircraft (see figure 4-17). When the 
switch is actuated, nore chat power is connected го the 
right and left HEP valve unlock solenoids. These sole- 
noids must be energized to permit hydraulic fluid to 
enter the chamber around the torque motor flipper. 
Unless pressurized hydraulic fluid surrounds the flip- 
per, signals from the pitch damper system will һауе 
no effect on the control surfaces. 


The PITCH DAMPER ЕМСАСЕ switch isalso spring- 
loaded. co the normally open postion, When you man- 
чаПу depress the switch, power connects to a holding 
solenoid that retains the switch in che engaged posi- 
tion. The switch will remain in the engaged position 
until the yaw damper system disengages or the “б” 
limit switch in relay K105 fails co energize when the 
full authority relay Мо. 2 energizes. 


C 


DAMPER 
28V DC 


= 


FLIGHT CONTROL SYSTEM 


DAMPER 
ENGAGE 
RELAY 


YAW DAMPER 


ENGAGE SW 


TRIM 
SERVO 
ENGAGE 
SWITCH 


TRIM 
CONTROL 
BOX 


DAMPER 
ENGAGE RELAY 
28V DC 3 АМР 

CONTACTS 


HACIOS BOX 
YAW 


+105 
DAMPER NO 
ENGAGE SWITCH ? 1 в+ МОМ RELAY 
HOLDING RELAY 5 -105 
2 


8ТМ51260 


28V ОС 3 АМР 


RUDDER 
UNLOCK 
SOLENOID 


PITCH 
DAMPER 
ENGAGE 
SWITCH 


--------- 
ЕН НЕР 
VALVE 
UNLOCK 

SOLENOID 


UNLOCK 
SOLENOID 


K-105 


"G" LIMIT 
ae SWITCH 


K-106 
"G" LIMIT 

RELAY PITCH DAMPER 
ENGAGE SWITCH 


CONTACTS HOLDING RELAY 


Figure 4-18. Damper System Controls 


"The Full Authority relay is energized only when the 
'AECS switch is actuated. The “G” limit relay K105 
lis also energized only when the AFCS is engaged. 
"Thus, you can see that the energizing of the full au- 
thority No. 2 relay їп AFCS mode has no effect оп 
ithe holding relay of the PITCH DAMPER ENGAGE 
switch because the circuit is completed through the 
“б” limit switch. Note also, that relay K106 is en- 
'ergized when the pitch damper system engages. When 
you study the AFCS engage circuitry їп Chapter V 
you will find that this relay is critical to AFCS en- 
gagement. 


І 
THE YAW РАМРЕВ SYSTEM. 


Мп the previous portions of this chapter you learned 
the theory and operation of a typical damper system. 


You also became acquainted with the power distribu- 
tion and means of engaging the damper systems. Hav- 
ing become familiar with the background of damper 
system operation, you are now ready to learn specifi- 
cally how the damper systems perform their function. 
Let us first examine the yaw damper system. 


Тһе purpose of the yaw damper system is to control 
the directional stability of the aircraft. Since the rud- 
der controls the direction of the aircraft, the end re- 
sult of the yaw rate gyro signals is the positioning 
of the rudder control surface. Auxiliary components, 
known as the variable parameter yaw damper, perform 
the additional function of automatic turn coordina- 
tion with the ailerons and rudder acting together. To 
distinguish between these two systems, the primary 
system is known as the basic yaw damper system and 
the auxilary system as the turn coordinator. 
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Figure 4-19. Damper Engage Circuitry for Later Model Flight Control Systems 


COMPONENTS OF THE BASIC 
YAW DAMPER SYSTEM. 


The block diagram in figure 4-20 shows the compo- 
nents of the basic yaw damper system. As you can see, 
the most important components are the yaw rate gyro, 
the high-pass network and filter, the amplifier, and 
the servo actuator with its torque motor and feedback 
potentiometer. Note the similarity between the basic 
yaw damper system and the typical damper system 
you studied earlier in this chapter. The yaw rate gyro 
originates the signals for this system, so let us begin 
our study with this unit. 


The Yaw Rate Gyro. 


The yaw rate gyro is located in the main wheel well. 
lt receives its power directly from the 115-volt, 400- 
cycle, a-c power line and the potentiometer receives 
+105 and —105 volts direct current. The gyro location 
and external features are shown in figure 4-21. 


Ав you can see in figure 4-22, the gyro is mounted on 
the top of the main wheel well. It is a small sealed 
unit held to the airframe by four self-locking nuts— 
there is only one electrical connection to. make to this 
unit. You can also see the roll rate gyro which is 
mounted on the forward bulkhead on the main wheel 
well. Both of the gyros are quite similar in external 
appearance. 
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Internally the yaw rate gyro consists of an umbrella- 
type rotor mounted in a spring-retained gimbal. As 
the gyro precesses during aircraft deviations, a wiper 
arm attached to the gimbal moves either up or down 
on a center tapped potentiometer. Since the center tap 
is at ground potential, the gyro pickoff signal to the 
amplifier may be either a positive or negative voltage. 
Thus, you can now understand what is meant by vary- 
ing voltages on the grids of the summing tubes. As 
an item of interest, che gyro rotor operates at a speed 
of 18,800 rpm and requires only 70 seconds to reach 


this speed. 


Note that the yaw rate gyro initiates a signal that goes 
to the high pass nerwork and filter. Let us examine 
the circuits of this network before continuing with 
the other sections of the yaw damper system. 


The High Pass Network and Filter. 


The schematic, figure 4-22, shows the high pass net- 
work and filter that is part of the damper circuit lo- 
cated in the amplifier. As you have already learned, 
the purpose of this network is to filter out “noise” 
(interferences) and signals of undersirable frequency 
as well as réduce a steady yaw rate signal in a steady 
turn to zero. As a result of the network, the damper 
does not “fight” a turn produced by the pilot’s move- 
ment of the controls. 
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Аз a deviation signal from the gyro builds up on ca- 
расног Cl, an apparent current flows through the 
capacitor. When the signal reaches maximum strength, 
the apparent current flow stops and the voltage on che 
сарасігог (СІ) decays as current bleeds through re- 
sistor КІ то the ground. The values of the resistance 
and capacitance determine the time required for che 
decay of the signal. Thus, a steady yaw rate signal in 
a steady turn causes a constant signal to be sent from 
the yaw rate gyro. À steady signal cannot be felt 
through the high pass network, so the damper does 
not fight a pilot controlled curn. 


The filtering portion of the network consists of re- 
зізгог R2 and capacitor C2. The value of R2 and C2 
'are such that a signal frequency above 15 cycles per 
‘second is greatly attenuated or filtered. This action 
ieliminates signals from the rate gyro due to vibration 
lof its mounting structure. Consequently, the flight 
‘controls do noc jitter as a result of the high frequency 
'signals. 


[Referring to the yaw damper system schematic in fig- 
ture 4-23, locate the potentiometer mounted on the 
[gyro case. Note that +105 volts is applied to one end 
iof the potentiometer while —105 volts is applied to the 
other end. When the gyro is not precessing, the spin 
axis is perfectly level with the case, and the voltage 
ifrom the potentiometer wiper is zero because chere is 
a center tap ground on the potentiometer. Therefore, 
ithe potential on the grid of summing tube V201 is 
Izero. As you know, an oscillation of the aircraft about 
‘its vertical axis will cause the gyro to precess either 
up or down. You can see this causes a varying voltage 
, from the potentiometer to be sent со the amplifier. 
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Figure 4-20. The Basic Yaw Damper System 


Note also, the gyro motor that receives power from 
the 115-volt, a-c power line. The heater shown in the 
Schematic, figure 4-23, maintains the entire operating 
components аг 75°(+10°)F for proper operation. 


The Servo Actuator Torque Motor 
and Feedback Potentiometer. 


It is not necessary to picture again the servo actuator 
torque motor and feedback pot as they were shown 
earlier in the chapter in the discussion of a typical 
servo motor and feedback. Referring to the yaw 
damper schematic on figure 4-23, note that the torque 
motor schematically appears as two coils coming to- 
gether in a vee, Effectively these coils act much the 
same as the solenoid in a relay, because a differential 
current flow between the coils will position the flipper 
in the servo actuator. The bottom of the vee is con- 
nected to the +-200-volt, d-c line—the other суо ends 
of the coils connect to the plates of the amplifying 
stage of the damper amplifier. 


On the inside of the vee, the flipper valve is in a neu- 
tral position when the current flow is equal in both 
of the coils. Thus, the flow to both sides of the control 
valve in the servo actuator is equal. However, when 
the signal on either of the grids of the summing am- 
plifier causes a differential current flow in the plates 
of the amplifier, the current on one coil of the torque 
motor will increase and the other will decrease. The 
differential between these currents in the two coils 
permits the actuator torque motor to position the flip- 
per, thus regulating the pressures to either side of the 
control valve. 


Тһе feedback pot is located in the case of the servo 
actuator, and the movement of che servo actuator 
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Figure 4-21. The Yaw Rate Gyro 


positions the wiper proportionally to the servo actu- 
ator movement. This feedback pot is center-rapped to 
ground, permitting the wiper to pick off either a 
negative or positive voltage, depending on the posi- 
tion of the control surfaces. 


THE CIRCUITS OF THE YAW DAMPER SYSTEM. 


Тһе schematic on figure 4-23 shows the basic уау 
damper system. Starting at the cop right corner of che 
schematic, note the yaw rate gyro potentiometer, This 
potentiometer connects to the plus and minus 105- 
volt, d-c power circuits you studied earlier in this chap- 
ter. When the gyro precesses, you can see that it is 
possible for the wiper to pick off either a plus or 
minus voltage. The direction of precession depends 
of course, on the deviation of the aircraft, Lec us say, 
for example, that when the aircraft yaws to the left, 
the gyro precesses in such a. manner that the wiper 
picks off a negative voltage. А yaw to the right would 
thus result in the wiper arm picking off a positive 
voltage. 


Now let us picture what happens when the aircraft 
yaws to the left. The wiper picks off a negative vole- 
age and che first thing in the circuit you encounter is 
the high pass network and filter. The capacitor and 
gain adjustment porentiomerer perform the high pass 
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functions of che circuit. As che signal from che rate 
gyro builds up оп the gyro side of the capacitor, an 
apparent current flow occurs through the capacitor, 
then stops, and the voltage decays as current bleeds 
through the resistance to ground. The effect of these 
characteristics on the system is to govern the rare and 
time of che control surface response. 


The next resistor and capacitor in this circuit com- 
pose the filtering portion of the yaw rate circuit. The 
values of these components are such as co attenuate 
(diminish) and pass to ground signals above 15 cycles 
per second. The controls could nor respond to signals 
above this frequency with effective resules; thus, the 
reason: for incorporating this network into the system. 


Before applying the positive signal to the left grid 
of tube 201, ler us examine the condition of che 
circuits in che summing and amplifying stages of the 
schematic. You know that in a normal condition, the 
coils of the torque moror should have the same volt- 
age on each of the coils. Under this condition, the flip. 
per valve in the servo actuator will remain centered. 
Tracing the circuit backward from the coils of the 
torque motor, you can see that the potential of both 
place circuits from tube 17202 would have to be 
equal for the torque moror to maintain equilibrium. 
Тһе potentials of each of che place circuits would in 
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furn be governed by the inputs to the grids of V202. 
Following the grid circuits back to their origin, you 
find that they connect to the plates of tube #201. It 
should пог be necessary to explain further how the 
equal plate potentials of this tube affect the torque 
motor coils. 


When there are по inputs to the grids of cube 1/201, 
the outputs from the tube must be equal; otherwise 
the grids of V202 will receive unequal signals and dif- 
ferential place currents cause the torque motor coils to 
position the flipper to one side or the other. From 
practical experience, you know that tube manufac- 
turers can not assemble components so that both sides 
of the tube will conduct equally. Therefore, you will 
find a zeroing switch (at the lower right of tube V201) 
that grounds all inputs to the grids of tube V201. Now 
locate the microammeter in the cathode circuits of 
tube V202. This meter is designed to detect the bal- 
ance of current flow in the cathode circuits of V202. 
ТЕ there is a differential flow through V202 as a result 
of У201 not conducting equally, the zeroing рог in the 
left grid circuit of V202 permits you to compensate 
for the difference in tube and circuit characteristics. 


You can operate the zeroing switch from a push but- 
ton on the front of the amplifier. Located adjacent to 
ithe push button is the microammeter. If the meter 
indicates an unbalanced condition in the tubes while 
[you are depressing the zero switch, you can balance 
the circuit by adjusting the zeroing knob on the front 
of the amplifier. 


[Picking up the negative yaw signal from the rate gyro 

circuit and following it through the high pass network 
and filter, let us see what happens when the signal 
reaches the right grid of the balanced amplifier net- 
'work. A negative voltage on the right grid acts as a 
| repelling force to the electron flow between the right 
cathode and plate. A reduction of electron flow nat- 
urally results in less current flow, Бис іс causes а 
| greater voltage drop between the plate and cathode 
than previously existed. Therefore, the plate circuit 
is more positive than it originally was. 


Тһе decrease of current flow in the right plate circuit 
; should cause a decrease in the cathode potential. How- 
‘ever, the value of the resistor between the two cath- 
‘odes of tube У201 is relatively small. Therefore, the 
| potentials on the two cathodes are nearly equal at ail 

times, 


The tendency for the cathode potential to change re- 
sults in an increased current in the right half of the 
tube that is approximately equal со the decrease in 
| the left half. Thus, the cathode potentials remain rela- 
| tively constant regardless of changes in the grid po- 
| tentials. The increased current flow in the right half 
| of the tube results in a lower potential in the right 
plate circuit. This decreased potential means that the 
plate circuit is now more negative than before. 
| 
| 
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Figure 4-22. The High Pass Network and Filter 


With the negative signal input, you can see that the 
left plate potential increases and the right plate po- 
tential decreases. These changes are reflected on the 
grids of V202. Since the left plate circuit of V201 
that connects to the left grid of V202 became more 
positive due to the increased potential, the left plate 
of tube V202 has a higher current flow. Consequently, 
the left сой of the torque motor receives more current 
than formerly. The opposite condition exists for the 
right plate circuit of V202 because of the factors al- 
ready considered. The differentia! currents in the 
torque motor coils results in the positioning of the 
flipper valve in the servo actuator. 


When the differential current in the torque motor 
causes the flipper in the servo actuator to move, the 
Servo actuator moves the control valve which then 
ports hydraulic fluid to the control surface actuator 
for positioning of the rudder. As the rod іп the servo 
actuator moves, a wiper arm attached to the rod picks 
off a voltage that is proportional го the control sur- 
face movement. Notice in the schematic, figure 4-23, 
that the feedback goes to the left grid of the summing 
tube V201. You have already learned that the feed- 
back potentiometer and wiper arm always send a sig- 
nal opposite in sign to the original input signal. 


You will recall the origina! signal from the rate gyro 
was a negative signal; so the feedback sigal is a posi- 
tive signal. Let us see what effect this signal will have 
on the summing tube V201, and the associated circuits. 


Тһе servo actuator feedback pot will gradually send 
а signal to the grid as the servo acutator moves. When 
the control surface reaches a point that satisfies the 
rate gyro signal, the positive servo actuator feedback 
will have reached an equal but opposite sign signal 
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Figure 4-23. The Yaw Damper System Schematic 
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on the right grid. In this condition, what has hap- 
pened to the electrical balance of rhe circuits? The 
fight place circuit of V201, which was formerly more 
hegative chat the left plate circuit, becomes even more 
negative due to the added positive potential from che 
feedback circuit, However, by this time the yaw rate 
Q gyro senses the yaw in the opposice direction brought 
р about by the new position of the rudder. Therefore, 
it is sending a positive signal to the amplifier. The 
feedback signal is much more positive than the rate 
gyro signal at this cime; so «һе differential becween 
the two positive signals causes the torque motor coils 
ю position the flipper valve in the other direction and 
thus, move the control surface back to neutral. Ás the 
surface moves back to neutral, a less positive signal 
із picked off che servo actuator feedback pot. 


Also, because of the control surface movement, the rate 
gyro precesses back to the center position and the two 
" ipositive signals now оп che grids decrease until the 
surface is again ас neutral. Thus, the original bal- 
anced condition exists in che amplifier, and the con- 
trol surface remains neutral until the nexc deviation 
loccurs. 


ЇЇНЕ RUDDER-POWER AMPLIFIER. 


[Figure 4-24 shows the location of the amplifier for the 
yaw damper system. As you can see, chis unit is lo- 
cated on the aft electronics compartmenr door. Note 
the method of attaching the unit to che rack on the 
door. 'The pins at the bottom of the amplifier plug into 
a receptacle on the terminal strip at che base of the 
rack. At the top of the rack you can see a screw-type 
clamp that fits over а lip on the amplifier case, This 
device holds the top of the amplifier firmly to the 
lrack, while the pins at the bottom retain the ampli- 


ifier in the terminal strip receptacle. 
| 


Q 


The amplifier rack is shock mounted to a frame ас- 
leached to the door structure. The terminal strip a at che 
bottom of the rack has four plugs containing the in- 
‘put and ourput circuits to the other damper compo- 
|nents. The cubes for the yaw and power amplifiers, as 
i well as the relays for the damper engage and monitor 
| Circuits, are easily accessible for removal and replace- 
'ment. 


"Моге at the top of the amplifier, the small covered 
| compartment containing the adjustments for the cir- 
| cuits of the yaw damper system. Ав you can see in the 
detail, chere are eight knobs provided for the various 
adjustments. АП of these controls are simple variable 
potentiometers in the circuits (labeled on the face of 
the control panel) and permit you to increase or de- 
' crease the strength of the signals. Also located ас the 
| top of the amplifier is che microammeter and the zero- 
ing switch. This meter and switch are used together 
| го check the electrical balance of the amplifier tubes; 
| 
І 


their operation will bé explained later when you study 
the yaw damper circuits. 


FLIGHT CONTROL SYSTEM 


THE TURN COORDINATOR. 


Тһе turn coordinator consists of four major units 
shown in the block diagram on figure 4-23. Note that 
these units aré not in the familiar servo loop pattern 
of the former systems. However, these units do con- 
nect to the basic yaw damper system and its servo loop 
functions the same as descirbed in the basic yaw 
damper operation. 


Note in the block diagram «һас the signal from the 
roll гасе gyro and the aileron position potentiometer 
connect to the airspeed compensator. In the following 
discussion you will learn the purpose of these various 
components and their operation. 


PURPOSE OF THE TURN COORDINATOR. 


The components of che turn coordinator work together 
to provide automatic turn coordination of the rudder 
with respect to aileron position. To better understand 
what control surface movements are necessary for a 
coordinated turn, let us follow the pilot's action in 
a normal turn. 


When the pilot desires to turn the aircraft to the right, 
he moves the stick to che right. The stick movement 
causes the right aileron to move up and the left aileron 
to move down; therefore, the right wing drops and 
che left wing rises. At the same time that he moves 
the stick, he also depresses the right rudder pedal, 
moving the cudder to the right. Thus, the airplane 
goes into a turn in a bank or tilted attitude. The banked 
attitude prevents the aircraft from skidding around 
the turn in much the same manner that a banked curve 
on a highway prevents a speeding automobile front 
skidding off the road. 


Looking at the turn problem from another aspect, let 
us assume there is not a turn coordination feature 
when the aircraft rolls. You know the ailerons alone 
produce roll, and іп most aircraft, a roll results in а 
yaw. There are two types of yaw—proverse and ad- 
verse. In the F-102A, both types of yaw are encount- 
ered; each type being peculiar to the speed range in 
which the aircraft is flying. 


Below the speed of sound, adverse уаш is present in a 
roll attitude. For example, when the aircraft rolls to 
the right without the necessary rudder correction, the 
plane yaws to the left and skids through the air. The 
skidding as a result of the yaw is referred со as side 


slip. 


It is beyond the scope of this supplement to explain 
all the conditions causing this yaw condition, bur de- 
signers attribute much of it to the inertia coupling 
existing between the roll and yaw axes. The coupling 
is dependent to such a degree on each axis that а roll- 
ing acceleration causes a yawing motion that is similar 
to che precession of a gyro, Other factors are the 
aerodynamic coupling between the axes of the aircraft. 
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Figure 4-24. The Rudder-Power Amplifier-Calibrator 
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Generally, this yawing, or side slip condition, can be 
[explained by saying that a rolling velocity causes air- 
flow conditions that in turn induce a yawing motion. 
You know that aileron movement causes this rolling 
I motion, and you know that the rudder controls the 
yaw. Therefore, you can assume that signals from the 
aileron position potentiometer and roll rate signals 
from the roll rate gyro would be used to overcome 
| this problem and produce coordinated turning. 


It is known that less rudder correction is necessary 
' for yaw correction as the speed of the aircraft increases 
| 
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Figure 4-25. Turn Coordinator Block Diagram 


—up to a certain point. А study of the flight character- 
istics of the F-102A reveals that there is a speed range 
where no rudder correction is required to make a co- 
ordinated turn. When the aircraft passes chrough this 
critical speed range, the condition known as proverse 
yaw is encountered. 


COMPONENTS OF THE TURN COORDINATOR. 


In the following section, you wil! learn of the tura 
coordinator components and their operation. Keep in 
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Figure 4-27. The Roll Rate буго 


mind as you study these components, how they per- 
form a coordinated turn by coordinating the rudder 
and aileron movements. 


The Aileron Position Potentiometer. 


The aileron position potentiometer is located іп the 
aileron bell crank at the mixer (see figure 4-26). Ав 
you can see, the movement of the aileron cables posi- 
tions the wiper arm of the potentiometer, The result- 
ing signal is proportional co che amount of rudder 
correction necessary for a coordinated turn. Coupled 
with this signal from the aileron position potentio- 
meter is the roll rate signal from the roll rate gyro. 


The Roll Rate Gyro. 


Note the roll rate gyro in figure 4-27; this unit, lo- 
cated in the main wheel well, supplies che yaw damper 
system with a signal thar is proportional to the rate 
of roll of the aircraft. 


When the aircraft first starts to turn, the yaw rate 
gyro signal tends to oppose the turn; bur the com- 
bination of the roll rate gyro and the aileron position 
signals are much larger than the yaw rate gyro sig- 
nal, and they compensate for the opposing signal. 
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Тһе Airspeed Compensator. 
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Figure 4-28 shows the airspeed compensator; this unit 
is located in the top shelf of the electrical equipment 
fack. Note the hose connection to this unit. This is 
lhe ram air input hose from the little "О” probe on 
the leading edge of the vertical stabilizer (fin). The 
air entering the tube is proportional co airspeed and 
operates a bellows device within the airspeed com- 
pensator. The bellows moves the wiper arms in the 
compensator to develop four signals: —aileron; -+ai- 
leron; lagged roll rate; and roll rate. The direction of 
the arrows in figure 4-29 shows the movement of the 
wiper arms with increasing airspeed. Thus, you can 
see that the roll rate and aileron position signals are 
regulated in. accordance with airspeed through the 
operation of the bellows device. 


THE CIRCUITS OF THE TURN COORDINATOR. 


Figure 4-29 shows the interconnection of the units іп 
ithe curn coordinator. The first circuit you will study is 
the distribution of the roll rate signal from the rate 
gyro. Note that the roll rate signal enters the airspeed 
compensator and connects to two circuits, In the air- 
speed compensator, note the circuit from the potentiom- 
егег at the right. Following this circuit to the ampli- 
fier, you can see that it forms the lagged roll rate 
circuit that was mentioned in the introduction to che 
turn coordinator. As you will recall, che purpose of 
this circuit is to compensate for the residual roll 
icaused by the rolling momentum of che aircraft in a 
turn. 


The residual roll is, of course, dependent on the air- 
!speed. Since the amount of rudder required го coordi- 
imate a turn is less ас high speed chan at low speed, 
the airspeed compensator reduces che strength of the 
signal from the roll rate gyro as the airspeed increases. 
Note the direction of the arrows іп the schematic; 
they point in the direction the “Q” potentiometer 
wiper arms will move with increased airspeed. (Тһе 
letter “Q” is used to denote che airspeed impact pres- 
:sure from the "О" probe on the rudder.) The inlet 
| for the “Q” line is on the leading edge of the vertical 
| stabilizer. The faster the aircraft flies, the greater the 
air pressure is on the bellows. This causes the bellows 
to expand and the wiper arm to move down the re- 
I sistor. You can see that this movement adds more resist- 


, ance to the circuit and attenuates the roll rate signal. 
1 


There is a lagged roll rate gain adjustment knob оп 
the front of the calibrator. The knob permits you со 
adjust the gain of the lagged roll rate signal during 


calibration and alignment checks of the damper system. 
l 


FLIGHT CONTROL SYSTEM 


Now let us see what happens in the other circuit of 
the airspeed compensator that receives the roll rate 
signal. Note that once again there is а "О” porentiom- 
eter operated by the bellows. The same thing hap- 
pens in this porenriometer as in rhe other circuit. 
When the airspeed increases, the roll rate signal di- 
minishes and there is less roll rate signal sent to the 
left grid of tube V201. Naturally, less roll rate results 
in less signal to the rudder amplifier. 


Directly below the roll rate gyro on the schematic is 
the aileron position potentiometer that sends a signal 
to two circuits in the airspeed compensator. Let us 
first discuss the minus (—) aileron signal. 


The purpose of the minus aileron signal is to coordi- 
nate the turns in the speed range requiring an opposite 
rudder correction (proverse yaw speed range). Ав you 
can see, the bellows positioned wiper arm in this cir- 
cuit picks off less resistance as airspeed increases. This 
permits a larger aileron position signal to enter the 
circuit and thus, cause a greater rudder correction. 
'The most important thing to notice about this circuit 
is that it connects to the right grid of tube V201. As 
you will recall, the roll rate gyro signal that passed 
through the airspeed compensator circuits were con- 
nected го the left grid of this tube. Therefore, you сап 
see that an opposite rudder correction results from the 
minus aileron signal. 


Now look at the plus (4-) aileron signal circuit that 
is directly below the minus aileron signal circuit on 
the schemaric. The purpose of this circuit is to intro- 
duce a rudder correction in the speed range where 
adverse yaw exists. Note that the wiper arm in this 
circuit operates similar to those in the roll rate cir- 
cuits. Up to a certain point there is less and less sig- 
nal permitted to pass to the left grid of tube V201. 


The net effect of these two circuits is that as airspeed 
increases, the signal strength of the plus aileron cir- 
cuit decreases and the minus aileron signal increases. 
At some point in the speed range of the airplane, the 
minus aileron signal will equal the coral of the plus 
aileron signal and roll rate signal. At this point, the 
summing stage tube V201 is balanced and the rudder 
is zero. As airspeed increases above this point, the 
minus aileron still increases while the plus aileron 
decreases, and the opposite rudder to that of the orig- 
inal, is obtained. In this manner, proverse yaw is co- 
ordinated at higher speeds. The schematic on figure 
4-30 shows how the turn coordinator on figure 4-29 
attaches со the basic yaw damper system shown on 
figure 4-23. 
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Figure 4-30. The Yaw Damper With Turn Coordinator 
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Figure 4-31. The Pitch Damper System 


THE PITCH DAMPER SYSTEM. 


The pitch damper system provides longitudinal sta- 
bility through the elevons. Comparing the block dia- 
gram of the pitch damper system on figure 4-31 to the 
yaw damper system on figure 4-20, you can see that 
the systems are quite similar. Notice that che pitch 
system uses the same four types of components as 
the yaw system—a rate gyro, a high pass network and 
filter, a left and right elevon amplifier-calibrator, and 
a left and cight elevon servo actuator. On later sys- 
tems the HEP valve replaces the servo actuator. In 
either спе HEP valve or the, servo actuator, the signal 
from the amplifier is applied to the coils of a torque 
motor. Тһе totque motor positions a flipper that соп- 
trols che flow of hydraulic fluid to the elevon actuating 
cylinders. 


As you can see, there is a difference in the quantity 
of some of the components—in the pitch damper sys- 
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tem there are two amplifiers and two actuators (or two 
HEP valves). These additional components are neces- 
sary because there are two elevons while there is only 
опе rudder, Since «һе elevons must work together, we 
can assume that the deviation signal from the pitch 
rate gyro must go to each elevon amplifier. 


PRINCIPLE COMPONENTS OF THE 
PITCH DAMPER SYSTEM. 


The four types of components in the pitch damper 
system—rate gyro, high pass network and filter, am- 
plifiers, and actuators—need no extensive explanation 
as you are already familiar with them. Of course, there 
are certáin minor differences that are required іп 
adapting the basic damper system to pitch correction. 
In the following portion of this section, you will be- 
come acquainted with these differences as chey apply 
to pitch датрег functions. 


- 


The Pitch Rate Gyro. 


From the discussion of gyroscopic principles, you 
know that the pitch rate gyro is mounted differently 
Шһап the yaw rate gyro. This is necessary because it 
Imust sense deviations along a different axis of the air- 
craft. You can see the location of this unit in figure 
4-32; it is located on the opposite side of the main 
wheel well from the roll and yaw rate gyros. Other- 
wise, in external appearance and internal circuitry, 
the pitch rate gyro is similar to the other rate gyros. 


Тһе High Pass Network and Filter. 


"The high pass network and filter of the pitch damper 
system performs the same function as in the yaw 
damper system. That is, it filters out "noise" and sig- 
nals of undesirable frequency, and it reduces a steady 
pitch rate signal to zero so that the pitch system does 
not oppose desired elevon movement, as in a climb 
or dive. 


| 
тне Elevon Amplifiers. 


"There is one particular feature of the elevon amplifiers, 
shown on figure 4-33, that is not shared by the yaw 
damper system. This is the coupling of signals from 
the Automatic Flight Control System (AFCS) to the 
amplifiers. This feature permits the automatic flight 
‘control portion of the fire control system to effect 
control surface movement through the damper mech- 
anisms. This aspect of pitch damper operation com- 
ipares with the turn coordination feature of the yaw 
damper system — іп other words, it is an auxiliary 
function. This will be discussed fully in che operation 
of the AFCS in the next chapter. 


The Torque Motor. 


Тһе torque motor in the servo actuator or in the НЕР 
valve receives signals from the amplifier, and the 
movement of the torque motor flipper ports hydraulic 
fluid under pressure to a spool within the actuator. The 
spool receives the effect of this pressure change and 
moves in a corresponding direction. Ás the spool 
moves, it uncovers a port and permits hydraulic pres- 
sure to displace the асшагіпр cylinders; this results 
in control surface movement. This operation is similar 
to that of the yaw damper system. 


THE PITCH DAMPER CIRCUITS. 


As you can see in figure 4-34, the signal from the 
pitch rate gyro connects to both the right and left 
elevon amplifiers. Note that the amplifiers shown in 
the schematic are similar. A signal from the rate gyro, 
acting on the grids of che summing stage tubes, will 
have the same effect on both control surfaces and the 
elevons will move together to provide appropriate 
| 
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Figure 4-32. The Pitch Rate Gyro 


pitch corrections. The operation of the amplifiers is 
similar to the rudder amplifier. 


On the control panel of the right and left elevon am- 
plifiers, chere is а pitch rate adjustment that com- 
pensates for differences in the circuits. The need for 
such an adjustment is quite obvious, because unequal 
movement of the right and left control surfaces results 
in an aileron action. The presence of aileron action 
in the pitch damper operation is not desirable, al- 
though in AFCS mode which operates through these 
same amplifiers, such an action is required. 


As you will recall from the damper engage circuits, 
there is a provision for disengaging the damper sys- 
tem when а malfunction of the system causes a dif- 
ferential movement of the elevons in damper operation. 
You now have a basic understanding of the pitch and 
yaw damper systems and their effect on the flight con- 
trols. With this knowledge, you are better prepared 
to study the AFCS interconnecting circuits to the 
damper system. These interconnecting circuits, often 
referred to as the Full Authority (FA) subsystem, are 
dependent on the damper systems for accomplishing 
their purpose. In the next chapter, you will learn 
the function of the AFCS and Full Authority system. 
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Figure 4-33. The Right and Left Elevon Amplifier-Calibrators 
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The Automatic Flight Control Subsystem (AFCS) 
signals connect to the damper system through the Full 
Authority Subsystem. Since you are already familiar 
with the damper system operation (described in the 
previous chapter), there will only be a few new com- 
ponents or principles introduced in this chapter that 
you have пос already studied about. First, let us see 
what the purpose of the Automatic Flight Control and 
Full Authority Subsystems is, and also learn a little 
about the evolution of che flight control system. 


PURPOSE OF THE AUTOMATIC FLIGHT 
CONTROL AND FULL AUTHORITY 


SUBSYSTEMS. 


The Automatic Flight Control Subsystem (AFCS) is 
part of the MG-10 Aircraft and Weapon Control Sys- 
tem. Ín general, che purpose of the AFCS is to provide 
automatic direction and attitude signals to the flight 
controls. The signals originate in components similar 
to those of an autopilot. The AFCS sends the signals 
through the Full Authority Subsystem to the damper 


amplifiers. Thus, the Full Authority Subsystem acts as 


an interconnection network between the AFCS and 
the damper system. The AFCS full authority signals 
have a much wider range than the damper system sig- 
nals. As a result of the larger signals, the control sur- 
faces are permitted to move through their full range 
of travel while operating in the AFCS mode. 


As you will recall, che turn coordinator dictates the 
position of the rudder from the position of the ailer- 
ons. Therefore, it is only necessary for the AFCS to 
supply signals to the elevon amplifiers in order to have 
complete control of the aircrafr's flight controls. The 
only signals we are concerned with in this chapter, 
then, are the signals the AFCS sends to the damper 
system elevon amplifiers. These signals are the АРС5 
full authority той, full authority pitch, and che con- 
trol surface feedback signals originating at the right 
and left elevon control surface actuators. 


EVOLUTION OF THE FLIGHT 
CONTROL SYSTEM. 


To avoid confusion with the discussions in this and 
other supplements of this training series, you should 
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Figure 5-1. ATypical Automatic Flight Control System 


be familiar with the evolution of the F-102A flight 
control system. In some of the supplements you will 
find reference to the Pilot Assist System. This system 
was an interim system installed on some of the first 
production series F-102A aircraft. It has since been 
deactivated and will be removed from these early air- 
craft. The Pilot Assist System was designed to operate 
only with the servo actuator type control valve. 


Basically, the operation of the Pilot Assist System and 
the AFCS are similar. А brief description of the pilot 
assist components and their operation will acquaint 
you with the theory of AFCS operation and help you 
in understanding how the AFCS controls the flight 
attitude of the F-102A. Detailed description of the 
AFCS, its actual operation and maintenance proce- 
dures, are classified and can be found in the MG-10 
System Maintenance Manual. 
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THE OPERATION OF A TYPICAL AUTOMATIC 
FLIGHT CONTROL SYSTEM. 


Let us assume the Pilot Assist System is a typical Auto- 
matic Flight Control System. We can then use the 
block diagram in figure 5-1 to explain the basic prin- 
ciples of AFCS in the F-102A. Note that the main 
units of the system are the compass, the vertical gyro, 
the roll rate gyro, the control surface feedback poten- 
tiometers, the amplifiers, and a trim control switch. 
Let us see what each of these components accomplishes 
and how it affects che system. 


THE PURPOSE OF THE COMPONENTS. 


Тһе compass (or heading unit) generates directional 
reference signals. ТҺе AFCS must have directional 
signals in order to correct for deviations of the air- 
craft from the desired heading and thus maintain a 


- 


fixed heading. The vertical gyro is а displacement 
gyro (which you learned about in the discussion of 
gyros in the damper systems) and supplies the system 
with pitch and roll displacement signals. Note in fig- 
мге 5-1 that the spin axis is perpendicular to the 
iearth's surface and that the gyro is free to move in 
both the pitch and roll axis. The pitch signal is fed to 
the pitch channel of the full authority summing am- 
plifier. The signal is applied to the damper amplifiers 
as the full authority pitch signal. 


Note that the vertical gyro also originates а roll sig- 
nal. This signal is combined wich a signal from the 
12011 rate gyro co form the full authority roll channel. 
The signal from the full authority roll channel is fed 
to the right and left elevon amplifiérs as the full 
authority roll signal. The right and left elevon sur- 
face feedback рогепсіотегегѕ provide feedback which 
is summed with the inputs to the pitch and roll chan- 
nel. The signal from the potentiometers and the 
manner in which it controls the operation of the AFCS 
will be discussed in a separate section of this chapter. 
| 

! 

Тһе béep trim switch on the pilot control stick con- 
nects to the full authority pitch and roll channels of 
the pilot assist summing amplifiers. When the pilot 
desires to make a change in the heading or attitude of 
the aircraft while the AFCS is engaged, he momen- 
tarily actuates the trim control on the stick until the 
desired change is made. 


‘You can see in figure 5-1 that signals from the beep 
‘trim switch are sent to the full authority summing 
amplifiers as full authority pitch and roll signals. 
Thus, beep trim operates electronically through the 
damper amplifiers to trim the aircraft while the con- 
trols are in the AFCS mode. 


With this brief introduction to the theory of AFCS 
Operation and the development of signals to the 
|датрег system, let us now see what conditions аге 
Inecessary for the engagement of the AFCS to the 
damper system. 


THE FULL AUTHORITY SYNCHRONIZING 
ENGAGE AND MONITOR NETWORK. 


The right and left elevon amplifiers each contain syn- 
chronizing motors that drive potentiometers. The po- 
'tentíometers control the AFCS engage circuitry and 
the feedback to the full authority engage monitors. 
The synchronizing motors position the potentiometer 
wiper arms so that signals from the surface feedback 
potentiometers and the full authority pitch and roll 
channels do not cause violent engage transients when 
the flight control system is placed in AFCS mode of 
operation. 


Ше is important to remember that certain functions in 
‘the pitch and yaw damper system as well as AFCS are 
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dependent on the operation of the radar. Among 
these functions is the supplying of voltages to the 
synchronizing circuits of the damper system. 


Аз you can see in figure 5-2, the 55-volt a-c power to 
the monitor tubes is dependent on the energizing of 
AFCS interlock relay No. 2. Note that this relay is 
energized only when the radar portion of the MG-10 
system is operating. Also note that the MG-10 system 
furnishes che --105-volts direct current to the motor- 
driven potentiometer as well as the aileron and elevon 
position potentiometers. 


"Thus, the synchronizing circuits can not function dur- 
ing Direct Manual mode because the damper ampli- 
fiers are not properly energized. The circuits also can 
not function during AFCS mode because relays K101 
and K301, the elevon amplifier engage relays, are 
energized. This fact is mentioned to remind you of the 
purpose of the synchronizing circuits — то null out 
surface feedback signals and full authority pitch and 
roll signals prior to AFCS engagement. 


During damper operation and prior to engagement of 
the AFCS, inputs to the full authority summing ampli- 
fier must be nulled out. The reason for nulling the 
signals is to prevent sudden, hard-over signals reach- 
ing the amplifiers during AFCS engagement. 


The surface feedback potentiometer will not necessar- 
ily be in the zo signal position when the AFCS is 
engaged. If such is the case, a feedback signal will be 
applied to the left grid of tube V102 and the aircraft 
will be thrown into a violent maneuver. To prevenc 
this undesirable condition, note that the full authority 
summing signal is taken from the plate of tube V102 
and sent from the “873” box to the right grid of tube 
V101. Аз you can see, the plate circuits of tube V101 
are connected to the coil of the differential current 
relay. The left grid of tube V101 is at ground рогеп- 
tial when tube К101 (or the corresponding tube and 
relay in the right elevon amplifier) is deenergized. 
Since the left grid has no bias voltage applied, there 
is a differential current flow in the coil of relay 
К102. This causes the arm of che differential current 
relay to be deflected to one of the contact points which 
connects 55 volts alternating current to one of che 
windings of the synchronizer motor. Remember chat 
55 volts alternating current is not available to the 
system unless the radar is ON. 


Тһе motor positions the potentiometer arms. Ав you 
can see in the schematic, when the wiper arm is in the 
center position, no voltage from the +105-volt, d-c 
potentiometer is applied to che grid of tube V102. 
The =105 volts direct current is also not available 
unless the radar is ON. However, the wiper will not 
be in the center of the potentiometer unless there are 
no signals from the full authority pitch, roll, or sur- 
face feedback circuits in the full authority summing 
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Figure 5-2. Full Authority Synchronizing Circuit 


tube. If signals are present, the motor will drive the 
potentiometer arm in a magnitude and direction «һас 
will effectively cancel the full authority signal to the 
summing tube. 


THE PITCH ЗО" LIMITER SYSTEM. 


The pitch "С" limiter system is a monitor of the AFCS 
system. The purpose of the system is to disengage the 
AFCS when the Е-102А. reaches certain predetermined 
“G” limits. As you can see іп figure 5-3, the limiter 
system. consists of a lateral accelerometer, ап ampli- 
fier, and a rate.gyro. The limits of the system are +-4.5 
and —1.5 "G's" of normal acceleration or +45 and 
—15 degrees per second of angular acceleration or the 
equivalent combinations of both. Regardless of the 
amount or direction of the angular acceleration, the 
system will disengage whet the normal acceleration 
reaches 4-5 or —2 “G's,” 
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The linear accelerometer measures forces normal to 
the pitch axis. Note in figure 5-3 that outputs are 
taken from potentiometers and sector switches. The 
potentiometer is center-tappéd at - 4.9 to --5.0 "G's" 
and at —1.9 to —2.0 “G's.” 


The amplifier portion of the system contains dual- 
triode vacuum tubes and differential current relays. 
Тһе tubes are biased so that the plate circuit relays are 
held closed during normal operation. When forces 
beyond the predetermined "G" limits are detected by 
the accelerometer or pitch gyro, signals pass through 
the pitch "G" networks causing the bias on the tubes 


. to be overcome and the relays release. The AFCS 


engage circuitry is chen broken and the flight controls 
revert to yaw damper control Should the balanced 
condition of the limiter circuits be disturbed by the 
failure of an amplifier component, the “б” monitor 
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squared relay, which compares the “б” circuits, will 
operate to disengage the pitch "G" limiter and conse- 
quently the AFCS and pitch damper system. 


The components of this system are located in various 
places throughout the aircraft. The pitch rate gyro 
is the same gyro that furnishes pitch rare signals to 
the damper system; it is located іп the left main wheel 
well and is shown on figure 4-32. The linear acceler- 
ometer is located in the aft section of the right main 
wheel well. The amplifier portion of che system is 
located in the right and left elevon amplifier-calibra- 
tors (the “С” monitors) and in the rudder amplifier 
("G" monitor squared amplifier). The adjustments for 
these components consist of a "G" monitor adjusting 
knob on the rudder amplifier, а +“G” and а —"G" 
balance on the elevon amplifiers, and various control 
and test switches which are discussed. in the following 
section. 


Testing the Pitch "С" Limiter Circuits. 


Two test switches are provided to test the functional 
operation of the pitch "G" limiter network. Note in 
figure 5-3 that one of these switches is located in the 
cockpit and the other in the forward section of the 
right main wheel well. The cockpit test switch, located 
on the UTILITY SWITCH PANEL, permits you to 
check either inflight or ground operation of the 
accelerometer's mechanical and electrical components 
from stop to stop, component interconnecting wiring, 
amplifier signal summing and switching circuitry, and 
most important, the limiter calibration. 


Moving the cockpit rest switch to either “++” or "—" 
energizes internal test solenoids which displace the 
accelerometer mass throughout its range of travel. 
Movement of this mass produces signals that exceed 
the desired “б” limits. Should the established tripping 
levels be greater than -|-5 “G's” or —2 "Св," the sys- 
tems will remain engaged, indicating the miscalcula- 
tion of the pitch limiter system. 


Тһе switch in the main wheel well permits you to 
check the circuitry chat operates the --5 "6" апа —2 
“б” selector switches. The check consists of holding 
the main wheel well switch ON while actuating the 
Cockpit switch. The system should disengage ас each 
switch position. 


There are no specific provisions for a test of the gyro 
circuits, You can detect malfunctions, however, by the 
oscillations in the full authority mode or disengage- 
ment of the systems (prior to aircraft response) due to 
hard-over gyro signals. 


Calibration of the Pitch “б” Circuits. 


Calibration of the pitch "G" limiter circuits consists 
of balancing the gain adjustments of the "С" 
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monitor circuits so that engagement takes place within 
the specified limits. To calibrate the pitch “б” limiter 
circuits, apply 28 volts direct current between the 
amplifier and signal ground; measure the applied 
voltage in the circuit, and adjust the -+G BAL knob 
so that the full authority and pitch damper systems 
barely disengage. You should observe the point of 
disengagement while you are adjusting the balancing 
control, then cycle che applied voltage about the cali- 
bration point and note that the systems always dis- 
engage at the desired level. 


Next apply the calibration voltage as a step input 
between the amplifier pitch rate input and the signal 
ground, then note that the systems disengage. With the 
voltage maintained at the amplifier input, the “б” 
limiter should reset within 5 seconds to allow re-en- 
gagement. The above procedure is repeated to set the 
—а BAL knob but applying —19.7 volts instead of 
28 volts. 


THE AFCS ENGAGE CIRCUITRY. 


The AFCS engage circuitry is the last in thé sequence 
of flight control engage circuits. Before the AFCS will 
engage, the yaw and pitch damper systems must be 
engaged in che order mentioned. There are three main 
circuits in the AFCS engage circuitry. Note in the 
Schematic on figure 5-4 that one circuit breaker goes 
to the “С” test relay. Normally, this test relay will be 
deenergized except when tests are being performed 
on the “б” circuits of the AFCS. As you already know, 
the --"G" and —"G" sector switches will be closed 
unless the pitch "С" limiter has sent signals that cause 
the --“С” monitors to open the circuit. 


The next portion of the circuit passes through the 
aileron limit switches. The switches will normally be 
closed. They open only when there is a 3? differential 
between the elevons. Passing through the aileron limit 
Switches, you can see that the next break in the circuit 
is the 5-second time delay relay in the "239" box 
located in the "873" rack. This relay is energized inde- 
pendently of the damper and AFCS engage circuitry. 
Note that as soon as the circuit passes through this 
relay, two branches are formed. One branch goes to a 
switch in the EDM relay. The EDM relay, as you will 
recall from the yaw damper engage circuitry, is епег- 
Bized when the yaw damper is engaged. Thus, the 
circuit is completed to the solenoid of the AFCS EN- 
GAGE switch located in «һе "105" rack. You must 
remember that we have not yet actuated the AFCS 
ENGAGE switch. The circuits discussed so far have 
merely been from the power source to the AFCS 
switch. 


Following the circuit through the solenoid, you can 
see that the circuit passes through the surface feedback 
synchronizing potentiometers and the “С” limit switch 
to ground. In case the "С" monitor relay becomes 
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deenergized, the ground for the AFCS will be inter- 
rupted and the system will disengage. When the AFCS 
ENGAGE switch is closed, note that power is fed to 
the AFCS DISENGAGE switch. Unless the AFCS DIS- 
ENGAGE switch is manually actuated (thus breaking 
the circuit), this 28-volt, d-c power is furnished to the 
solenoid of che AFCS ON relay. When the AFCS ON 
relay is energized, note that power from the 5-second 
time delay relay is routed through the relay to а con- 
tact of the 1-ѕесопа uncage relay. When the uncage 
relay energizes, note that power goes to the solenoid 
of the full authority engage relay Мо. 1, the contacts 
of the partial engage monitor, and the MONITOR 2 
circuits. 


When you place the AFCS ENGAGE switch in the 
ON position, note that the interlock relay, К107, is 
energized if the AFCS DISENGAGE switch is not 
actuated. Later you ‘will see that the lockout solenoids 
in the HEP valve cannot be energized until the lock- 
out interlock becomes energized. Note also that the 
"G" limit relay solenoid, K105, is energized at the 
same time that the solenoid of the AFCS ENGAGE 
switch is energized. 


The second 28-volt, d-c circuit from the circuit breaker 
is the one that energizes the HEP valve lockout sole- 
noids, the left and right amplifier engage relays (K101 
and K301), and the elevator channel relay. The 28- 
volt power from the circuit breaker is fed to these 
components through closed contacts of the full au- 
thority engage relay Мо. 1, "6" limit relay К106, and 
the EDM relay. The 28-volt circuit to the elevator 
channel relay is completed directly to ground; in the 
other components it is completed to ground through a 
closed contact of the lockout interlock relay K107. 
Тһе contacts of the full authority engage relay Мо. 1 
and relay K107 were closed when the AFCS ENGAGE 
switch was closed; the "G" limit relay K106 contacts 
were closed when the pitch damper system was en- 
gaged; and the EDM relay contacts were closed when 
the yaw damper engaged. 


Аз you have learned, the HEP valve unlock solenoids 
are energized to allow full authority control of the 
elevons, When the lockout solenoids are energized, 
lockout piston rods on the HEP valve are extended 
and the arms of the lockout switches shown in the 
schematic fall into detents. Do not become confused 
by thinking that the lockout solenoids actuate the 
switches directly; they do not. The switches are in the 
closed position (shown) only when the lockout piston 
rods are in the fully locked-out position and the switch 
arms fall in the detents. 


Following che switch circuits, you can see then when 
the switches are in the rod detents, the 28-volt, 4-с 
circuit is completed from the circuit breaker to the 
full authority engage relay No. 2. The left and right 
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amplifier engage relays, when energized, регтіг sig- 
nals from the AFCS to enter the damper amplifiers. 
Тһе elevator channel relay is energized so that trim 
signals originating at the ELEVON TRIM switch may 
be switched from the trim servo system to the AFCS. 
Thus, signals originating at the control stick trim 
control become "BEEP" trim signals. 


THE PARTIAL ENGAGE MONITOR CIRCUITS. 


The partial engage monitor circuits provide an anti- 
engage or disengage feature in the event either one 
or both lockout switches in the HEP valve fail to 
close when the AFCS is engaged. The monitor circuit 
will also disengage the AFCS after engagement if one 
of the lockout switches fail. You can see why such an 
arrangement is necessary, since full authority on one 
elevon and not on the other would cause loss of control. 


Note in the schematic of the AFCS engage circuitry, 
figure 5-4, that when the AFCS is engaged, the full 
authority engage Мо. 1 relay K203 and the right еје- 
von amplifier engage relay K301 are energized. The 
full authority engage Мо. 2 relay K202 will not ener- 
gize unless both lockout switches in the elevon HEP 
valves are closed. Аз you will recall from the descrip- 
tion of the HEP valve, the lockout switches will close 
only when the lockout pins are fully extended and the 
switch actuating arms fall into the detents in the pins. 


Let us assume that one of the lockout switches in the 
HEP valve fails to extend when AFCS is engaged. 
Power from the circuit breaker will then pass through 
deenergized full authority engage No. 2 relay to ter- 
тіпа! 2 of the energized full authority engage Мо. 1 
relay. Now consider the voltage divider network. As 
you can see, the network consists of a 2MEG and a 
56K resistor connected in series from the —200-volt, 
d-c power source. The result of the network is а 
—5-volt signal impressed across the 0.33 MED capaci- 
tor. When the 28-volt signal from the full authority 
engage No. 1 relay is applied to the junction of the 
2MEG and 56K resistors, the capacitor will start charg- 
ing to a positive voltage. The initial negative charge 
will be dissipated in the process of charging positively. 


At the point where the charge on the condenser goes 
positive, the diode will conduct and introduce a dif- 
ferent charging rate, The positive voltage on the ca- 
pacitor is then impressed across the 300K resistor, 
which is the grid resistor for the monitor tube. If the 
voltage becomes large enough, within a specified time 
limit, the differential current relay in the plate circuit 
of the tube will trip and disengage the AFCS mode. 
The reason for having the time delay in the circuit is 
that the lockout switches require a small amount of 
time to close after the lockout solenoids are energized. 
Otherwise, the monitor circuit would cause disengage- 
ment of the AFCS before the lockout switches ex- 
tended, thus making it impossible to complete the 
circuit to the solenoid of full authority engage relay 
Мо. 2. 


HOW THE FULL AUTHORITY SIGNALS 
AFFECT THE PITCH DAMPER AMPLIFIERS. 


Figure 5-5 shows how the full authority pitch and roll 
signals affect the right and left elevon damper ampli- 
fiers. As you have already learned, the full authority 
` signals connect to the summing stages of both elevon 
Q damper amplifiers. INote that the full authority pitch 
signal connects to corresponding grids of the full 
authority summing stage tubes, while the roll signal 
(for айегоп movemenr) connects to the opposite grids. 
Since the yaw damper system depends on the position 
‘of the aileron position potentiometer for rudder move- 
ment, you can see that it is пос necessary to have the 
full authority signals controlling che rudder. You will 
recall that the signals from the compass were con- 
> nected co the full authority гої) channel, thus the roll 
signal causes the aileron movement which in turn 

causes the rudder to move for a coordinated turn, 


| 
! When che full authority roll signal enters che left 
elevon amplifier, nore chac it is applied to the right 
grid of the summing stage. Let us suppose che signal 
is positive. Since a positive signal on the grid acceler- 
ates the electron flow to the right plate, the output of 
the right plate circuit is higher than the left. As you 
will recall from damper system operation, the left 
plate circuit will now have even less output than 
before the signal was applied to the right grid. Nore 
E that the output for che summing tube is taken only 
© from the left plate circuit. Under the circumstances, 
‘the output from the left plate circuit is more positive 
'than the right plate circuit. Following the left plate 
К circuit output, note that it is routed through the 
| MG-10 system and then through the left elevon engage 
relay, K101. Relay K10! is energized when the AFCS 
is engaged; thus, che signal connects to the damper 
summing stage. From this point, the operation of the 
‘circuits is the same as for damper operation. 


K. 


[n the right elevon amplifier, the roll signal is applied 
| to the left grid of the summing stage. You can see that 
4 the opposite effect of that in the right damper ampli- 
| fier will be present in the left stage. Consequently, a 

іперагіуе signal will be applied to the damper sum- 
ming stage. You will recall that a positive signal was 
applied го the damper summing stage in the right 
elevon amplifier. In this manner, a differential move- 
ment of the elevons will occur and the airplane will 
assume a roll attitude, 
І 
The full authority pitch signals are applied to che 
Q same grids in the full authority summing stages. Thus 
each damper amplifier will receive the same signal 
and the aircraft will climb or dive since the control 


surfaces will move together. 
І 


“BEEP'' TRIM CIRCUITS. 


During AFCS mode, the pilot trims the control sur- 
faces from the ELEVON TRIM switch on the control 
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stick. The trim switch on the control stick concrols 
trim іп Direct Manual, Manual, and AFCS operation. 
The important difference is that AFCS trim. is elec- 
tronic trim operating through the elevon amplifiers, 
while Manual or Direct Manual trim is accomplished 
through the trim servo network. 


As you can see in the schematic, figure 5-6, when the 
AFCS system is engaged, the elevon and aileron chan- 
nel relays are energized. Since the radar must be 
turned on for the AFCS to engage, the aileron channel 
хуй! Бе energized and the elevon channel relay is епег- 
gized as part of the AFCS engage circuit. Therefore, 
both of these relays will normally be energized when 
the flight controls аге in the AFCS mode. 


Note that the TRIM switch has four positions: NOSE 
UP, NOSE DOWN, LEFT WING DOWN, and 
RIGHT WING DOWN. Thus, the signals originat- 
ing from the elevon trim control correspond to pitch 
and roll signals. Моте that the signals from the elevon 
trim switch are routed through either the elevon ог 
aileron channel relays co the AFCS components. The 
signals in the AFCS components are controlled so that 
а fixed full authority pitch or roll signal is applied to 
the AFCS summing amplifier in «һе elevon amplifiers. 
Consequently, che control surfaces move at a constant 
rate while the pilot is holding the trim switch in the 
desired position. When the pilot releases the trim 
switch from a roll position, che AFCS will return the 
aircraft to a level attitude providing the roll angle is 
less than 59. Above 5°, the AFCS will maintain the 
roll attitude. 


THE DIFFERENCE BETWEEN AFCS 
AND DAMPER SIGNALS. 


In the following section you will learn how the AFCS 
signals extend the movement of the control surfaces 
beyond the damper limits, and also che different type 
of feedback necessary as a result of this extended 
movement, 


THE FULL AUTHORITY SUBSYSTEM. 


In order for the AFCS го control the aircraft over the 
normal limits of pilot control, the system requires 
complete control of the elevons. As you will recall, the 
limits incorporated in the pitch damper for elevon 
movement was plus or minus (--) 19, In the AFCS, 
the elevons must be permitted co move through their 
full limits (25? up and 8? down). With the damper 
system arrangement of mechanical and electrical feed- 
back, (һе full limits of movement are impossible, 
"Therefore, you will find that two components have 
been introduced to permit the expansion of the lim- 
its, These components consist of a potentiometer at che 
control surface that indicates the position of che cle- 
vons, and an electrical lockout device in the servo actu- 
acor linkage (or HEP valve on later aircraft) that pre- 
vents mechanical feedback during AFCS operation. 
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Figure 5-5. The Full Authority Connections to the Elevon Amplifiers 
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‚ THE SERVO ACTUATOR AND LOCKOUT VALVE. 


(Іп figure 5-7 you can see the position of the lockout 
| valve in relation to the other components of the servo 
actuator control linkage. When the AFCS is engaged, 
the lockout valves in both the right and left elevon 
control linkages are extended. Nore that the motion 
г of the elevon will move the top of the walking beam 
that normally furnishes the mechanical feedback. Thus 
when the control valve closes, the servo actuator can- 
not be centered because it must fill the distance be- 
tween the control valve and the top of the walking 
! beam. 


ГИ the top of the walking beam were prevented from 
' moving the servo actuator piston back and forth, the 
control valve would move as desired. The solution to 
this is to lock out the mechanical feedback. This is 
' done by attaching the linkage between the servo actu- 
ator and the top of the walking beam to che structure 
1 of the airplane. (Remember that it is necessary to do 
this only in the AFCS mode—not in the damper 
; Operation.) 


Аз you can see in figure 5-7, a yoke is formed in the 
linkage. Inside the yoke, note that there is a hydraulic 
valve attached to the aircraft structure. This valve is 
positioned in such a manner that the linkage is free 


FLIGHT CONTROL SYSTEM 


ELEVON TRIM SWITCH 


AILERON CHANNEL 
RELAY 


HAC 873 
BOX PL-101 


! Figure 5-6. The “Веер” Trim Circuits 


to move a limited distance. However, in AFCS opera- 
tion, full authority is required and plungers at each 
end of the hydraulic valye will extend to lock the link- 
age to the aircraft structure. This valve is known as 
the lockout valve because it 10685 out the mechanical 
feedback. 


With the top of the walking beam locked so that ic 
cannot move (due to the energizing of the lockout 
valve), the motion of the control surfaces will move 
the entire walking beam. This causes the stick (о 
move according to the position of the elevons. The 
force exerted on the plungers of the lockout valve is 
not great enough to prevent the pilot from overriding 
the hydraulic valves and controlling the airplane in 
case of an emergency. 


THE HEP VALVE. 


In figure 5-8 you can see the HEP valve as it is 
installed in the aircraft. There are four electrical com- 
ponents associated with the HEP valve — the lockout 
solenoids, the unlock solenoids, the limit switch, and 
the torque motor. Only the torque motor can be 
observed from the exterior of the valve. The other 
components are Jocated within the unit. The purpose 
of the limit switch is to complete the circuit for AFCS 
engagement. As long as the lockouts of the HEP valve 
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Figure 5-7. The Lockout Valve and Servo Actuator 
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аге retracted, the switch is open; when the lockouts 
extend, the switch closes and the engage circuitry for 
the AFCS is completed. 

Мосе the manner in which the lockouts prevent the 
pilot inputs and mechanical feedback from operating 
within the control valve. The mechanical feedback 
must be locked out during full authority operation 
because the AFCS could not hold the aircraft in a 
desired pitch or roll attitude. The reason for this is 
that as soon as a signal would be applied to the torque 
motor and the control surface started to move, the 
mechanical feedback would be shutting off the control 
valve and neutralizing the control surface movement. 
Тһе AFCS operation requires full authority over the 
(flight controls; therefore, mechanical feedback is 
undesirable. 


FLIGHT CONTROL SYSTEM 


ere 
OPENING 


I figure 5-8. The HEP Volve Installation 


You are already familiar with the purpose of the lock- 
out solenoids. The purpose of the lockout valves is to 
control the porting of hydraulic fluid to the lockout 
pins and to lock the parallelogram linkage so that 
mechanical feedback is prevented from closing the flow 
of fluid to the control surface actuator. 


The unlock solenoids are required for both damper 
and AFCS operation. These solenoids must Бе ener- 
gized to permit fluid to enter the chamber around the 
torque motor and to permit damper and AFCS signals 
to operate the control surfaces. 


THE CONTROL SURFACE POTENTIOMETER. 


Now let us examine the potentiometer at the control 
surface and see how it affects the AFCS (figure 5-9). 
With the prevention of the mechanical followup by 
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Figure 5-9. The Control Surface Potentiometer 


the action of the lockout valve, an electrical surface 
feedback is necessary to establish closed loop control 
in AFCS operation. This results in two servo loops 
during AFCS operation with the servo actuator, but 
only one if the HEP valve is installed. You are already 
familiar with the servo actuator loop from your study 
of the damper system іп Chapter IV. The other loop 
—the surface position loop—applies only to the AFCS. 


THE TWO AFCS CLOSED LOOP SYSTEMS. 


Тһе block diagram in figure 5-10 shows you how the 
two closed loop systems operate in early model air- 
craft, Ав you can see, one loop is from the servo actu- 
ator to the amplifier and the other is from the control 
surface feedback potentiometer to the amplifier. For 
purposes of this discussion, Јес us assume the AFCS 
sends a 50-volt signal to the elevon damper amplifier. 


The Servo Actuator Loop. 


Follow the signal from the full authority summing 
amplifier and note that it goes to the elevon servo 
amplifier; From this unit, che operation 15 similar to 
the damper system operation. The signal góes through 
the elevon servo amplifier and to the torque motor of 
the servo actuator. The servo actuator extends its full 
throw (0.045 inch) and opens the elevon control valve. 
This results in the movement of the elevon surface. 


140 


Now let us examine what happens in the closed loops 
of chis network. The rod of the servo actuator moves 
to its full throw position in this operation. You can 
see that it causes a wiper arm in the servo actuator to 
pick off a voltage from a potentiometer. (This opera- 
tion is identical to damper system operation.) For 
example, let us say this voltage is 7.5-volts d-c. Follow- 
ing the flow in the block diagram, figure 5-10, you 
can see that this 7.5 volts is fed back to the full author- 
ity summing amplifier where it is summed with the 
original command signal of 4-50 volts. This gives an 
error voltage of --42.5 volts (4-50 volts —7.5 volts) 
that goes to the elevon servo amplifier. 


At this time the elévons begin to move at a maximum 
rate because the servo actuator is at full displacement, 
thus porting full hydraulic flow to the control surface 
actuators. Аз the control valve opens and permits the 
porting of hydraulic fluid to the control surface actu- 
ators, there is movement of the control surfaces. Тһе 
control surfaces do not move at full rate until the 
servo actuator control valve is fully open and the error 
feedback is maximum. When the servo actuator loop 
error voltage reaches its maximum value, it immedi- 
ately starts decreasing at a constant rate along with 
the surface position loop error signals. 
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“Те servo actuator and surface position loop error 
signals are separated by a 7.5-volt feedback from the 
| servo actuator feedback pot. You can see in figure 5-11 
, that the curves for error voltages in these loops drop 
Гас a constant rate. This happens because the control 
,Surfaces are moving at a maximum rate, and surface 
' position feedback signals are therefore increasing in 
 Proportion to this rate. 


The Control Surface Feedback Loop. _ 


Now let us consider the control surface feedback loop. 
This is quite different from the loop you studied in 
the damper system operation, which is also the loop 
| discussed above. The control surface feedback poten- 
| tiometer has а much wider voltage range than the 
| servo actuator feedback potentiometer. The reason for 
| this is that the, AFCS' has full authority over the ele- 
1 vons, and can move the elevons through their maxi- 
mum limits. The damper system, as you will recall, 
! had elevon limits of 2-19. Thus, you can see why it is 
! necessary to have a much larger potentiometer for the 
AFCS control surface feedback. 


| In figure 5-11 note that as the elevons move up, they 
reach a point that results іп the control surface feed- 
back pot sending a voltage (exceeding the 42.5-volts 
| error signal in the servo actuator loop) to the ampli- 
fier. In the illustration, the dotted line represents the 
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Figure 5-10. The Two Full Authority Closed Loop Systems 


control surface loop error signal. When this occurs, 
the servo actuator loop error signal changes sign and 
the control valve starts to close. The elevons still con- 
tinue to move up until the feedback voltage equals the 
decreasing input voltage from the full authority 
amplifier. 


The reason the full authority amplifier sends a decreas- 
ing voltage is that the reference units sense the correc- 
tions being made by the control surfaces.’ Therefore, 
as the control surfaces move the airplane back on the 
desired course, the natural operation of the reference 
units is to send less deviation signal to the full 
authority amplifier. 


When the control surface feedback voltage equals the 
input voltage, note that there is a short period of time 
before the negative servo actuator loop error voltage 
closes the control valve. You can see then that the 
servo actuator loop error voltage changed its sign as 
the control surface feedback voltage exceeded the con- 
trol surface position loop error voltage and that the 
signal caused the control valve to close. 


Тһе elevons stop moving at the point where the con- 
trol surface feedback equals the input from the full 
authority amplifier. They will remain in position as 
long as the +50-volt command signal continues from 
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Figure 5-11. Error Signal Time 


the full authority amplifier. When the command signal 
is withdrawn, the control surface position loop error 
signal is equal to the control surface feedback voltage, 
and the reverse condition exists in the system. This 
causes the elevons to move back to neutral. 


Summary of Loop Operation. 


Reviewing the operation of these two loops, you can 
determine the behavior of the system ас any particular 
instant simply by studying the error signals. You 
must remember that the surface position error voltage 
is derived from the difference between the full author- 
ity amplifier input and the control surface feedback 
voltage. 


When the input signals equal the feedback signals, 
the error voltages in the loops are zero and there is no 
contro! surface movement. The same condition holds 
true when the input signals and the feedbacks are 
zero. In addition, you can determine the direction the 
contro! surfaces will move by examining the size of 
the signals. When the inputs are greater than the out- 
puts, the surfaces move away from neutral; and when 
the feedback signals are greater than the inputs, the 
surfaces move toward neutral. 


Тһе error signal time is shown in figure 5-11. You can 
see that the 4-50-volt input from the full authority 
amplifier is maintained until the elevons reach a posi- 
tion proportional to the -|-50-volt signal. Considering 
the dotted line—which is the surface position loop 
error signal—the value of the error signal is equal to 
the 4-50-volt input signal (at time zero) since the feed- 
back is zero. The input signal—amplified in the elevon 
amplifier—is fed to the servo actuator. This causes the 
control valve to open and the elevons to start moving. 
Immediately, feedback from the servo actuator and 
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the surface potentiometers begins to subtract from the 
input signal and the error curve starts to drop and 
reaches zero when the feedback equals the input 
signal. At this point, since thé error signal is zero, 
the elevons stop moving and will remain in this posi- 
tion until the error signal changes from zero. 


Examination of the servo actuator loop error signal 
curve illustrates the manner by which the servo actu- 
ator receives signals and opens and closes the control 
valve to obtain surface movement. You can see in the 
schematic on figure 5-1 that the surface position loop 
error signal summing is accomplished аг the full au- 
thority summing amplifier. Therefore, the input to the 
elevon pitch damper amplifier is the surface position 
loop error signal. 


When the large error signal is fed to the servo actuator 
loop, the servo actuator receives its full chrow and the 
elevons start to move up. Тһе servo actuator loop error 
voltage rises very quickly to a value almost equal to 
the surface position loop error signal. The servo actu- 
ator, in moving to its full throw position, feeds back 
the 7.5 volts that subtracts from the surface position 
loop error signal as full throw is reached. The servo 
actuator loop error curve then follows and parallels 
the surface position loop curve at a value of 7.5 volts 
below the surface position loop curve. During this 
time the elevons are moving up at a maximum rate 
since the control valve is fully open. 


At the point where the surface position loop equals 
7.5 volts, the servo actuator loop error voltage is zero. 
The elevons are still moving up, however, and the 
surface position error loop is still decreasing toward 
zero. The result is that the servo actuator loop error 
signal changes sign. and the servo actuator receives a 
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signal which has decreased beyond zero and changed 
ign. The actuator then starts to extend and close the 
gontrol valve. 


In figure 5-11, this point is where the servo actuator 
loop error crosses the line representing time. The sur- 
face position loop error signal is still decreasing be- 
cause the elevons are still going up. This ій turn causes 
the control surface feedback signal to increase. Soon, 
however, the elevons will reach a point where the 
feedback equals (һе input and the error is zero. Now 
the servo actuator loop error signal is provided by the 
servo actuator feedback. The negative servo actuator 
loop error is calling for a return of the servo actuator 
to neutral. Consequently the control valve is closed 
and the elevons stop moving. This elevon position 15 
then held as long as the 4-50 volts is maintained from 
[the full authority amplifier. 


When the input from the full authority amplifier is 
(decreasing, the elevons are returning to neutral be- 
cause of the large negative (with respect to the input) 
isignal from the control surface feedback pot. The 
lopening of the control valves is provided in the same 
manner as before, only this time causing the elevons 
tO return to neutral. А similar change in the sign of 
,the servo actuator loop error signal closes the valve as 
ithe elevons reach neutral. 


| CALIBRATION OF THE FLIGHT CONTROLS. 


(1с is not the purpose of this section to give you a 
detailed account of the flight controls calibration pro- 
cedure. You will find chese details in the F-102A 
Flight Controls Maintenance Manual, Т.О. 1Е-102А- 
2-7. As you examine the maintenance manual, you will 
find that there are separate procedures for calibration 
of the various cypes of equipment installed іп the 
Е-102А damper systems. Even though the components 
vary—HEP valve or servo actuator; —2, —4, or —6 am- 
plifiers; and pitch “С” fimiter—a general description of 
the purpose of calibration will help you to understand 
whar the calibration procedure is designed to do. 


The test equipment consists of a unit designed го sim- 
ulate or control the signals from the sensing unit of 
the damper and from the AFCS system. А$ you can 
see in figure 5-12, calibration requires ground power 
units for both the electrical and hydraulic systems as 
well as а manometer regulator unit for simulating 
inputs to the “Q” probe on the vertical stabilizer. The 
maintenance manual gives detailed directions for the 
proper attachment and operation of the ground power 
units and directions for the proper attachment of the 
manometer regulator. 


THE FIELD TEST UNIT. 


The field test unir shown in figure 5-12 is typical of 
the units used to calibrate rhe damper systems (Sta- 
bility Augmentation Subsystem) and the AFCS іптег- 
connection system (Full Authority Subsystem), Not 
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only is the unit used for calibration Бис also as a 
troubleshooting aid in locating malfunctions in the 
subsystems. 


Тһе test unit introduces either 4-с or one-half cps sig- 
nals to the input channels of the damper or AFCS 
interconnection systems. The calibration signals are 
substituted for the normal aircraft signals, alchough 
normal aircraft circuitry can be routed through the 
test unit for calibration and checking purposes. 


Тһе cable connection to the amplifier rack will vary 
depending on the series of aircraft and the type of 
damper system components installed. On early model 
aircraft, you will find that engagement of the damper 
system, as well as the AFCS, must be accomplished 
from the cockpit. On later model aircraft, you will find 
that these syscems may be engaged from controls on 
the test unit, There are other details peculiar to the 
various systems listed in the Flight Controls Mainte- 
nance Manual, Т.О. 1F-102A-2-7. Be sure chat you read 
carefully the directions for cable attachment before 
performing a calibration. 


Note the main controls and areas of the test unit panel 
shown in figure 5-12. Let us locate (һе controls and 
briefly describe each of them. The POWER SWITCH 
is a push-on, push-off type switch located at the bottom 
left of the panel and directly below the power indi- 
cator light. The SIGNAL SOURCE SWITCH has two 
positions—AIRCRAFT and CALIBRATOR. In the 
AIRCRAFT position, the signal source switch main- 
tains normal circuit conditions in the aircraft system; 
in the CALIBRATOR position, calibration signals are 
substituted for the normal aircraft signals. 


In the first (AIRCRAFT) position, normal aircraft 
circuitry is restored. The CALIBRATOR SIGNAL 
SWITCH selects a signal of preset level for calibration 
(an adjustable one-half cps signal from the oscillator 
or an adjustable d-c signal). The lights above the PO- 
LARITY SELECTOR SWITCH indicate the type (a-c 
ог d-c) of signal and the polarity if it is d-c. The D-C 
SIGNAL ADJUST CONTROL adjusts the level of the 
d-c signal when the CALIBRATOR SIGNAL switch 
is in the D-C SIGNAL ADJUST position. The adjust- 
ment does not permit you го apply a signal larger 
than the preset signal, but merely allows a variation 
from the maximum preset signal down to or approach- 
ing zero volts. 


'The OSCILLATOR ADJUST CONTROL adjusts the 
level o£ the one-half cps signal when the calibrator 
signal switch is in the OSCILLATOR ADJUST posi- 
tion. The POLARITY SELECTOR switch selects posi- 
tive or negative signals, as desired, in the D-C SIGNAL 
ADJUST position of the CALIBRATOR SIGNAL 
switch, and in those channel selector positions which 
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supply 4-с signals in the preset position of the CALI- 
BRATOR SIGNAL switch. (The POLARITY SELEC- 
TOR has no effect on a-c signals.) 


The CHANNEL SELECTOR switch applies che cali- 
ргасог signal to the desired channel for calibration and 
grounds those amplifier inputs not being calibrated. 
Тһе switch is the rotary type that must be pulled out 
efore swirching from one position to the other. А 
lighted number above the switch indicates the switch 
position. The "G" LIMIT "UNDER AND OVER" 
Switch selects signals preset at the upper and lower 
olerance limits of the "С" limirer operation со pro- 
vide a check of the correct settings of these limiters. 
The PITCH PROGRAMMER and ROLL PROGRAM- 
MER switches are momentary conract switches that 
supply selected calibrator signals to the corresponding 
pitch and roll input circuits. 


[Che "С" LIMIT PITCH RATE switch is the momen- 
тагу type chat supplies the selected calibrator signal to 
the “б” limit pitch rate inputs. The YAW DAMPER 
swicch on the test unit corresponds to the MANUAL- 
IDIRECT MANUAL switch in the aircraft. The 
PITCH DAMPER switch in the test unit corresponds 
со che PITCH DAMPER switch in the aircraft, and the 
AFCS switch parallels the AFCS/OFF switch. The 
ELEVON SERVOS switch in the REVERSE position 
connects left amplifier signals to the right actuator and 
the right amplifier signals to the left actuator. Under 
these circumstances, it is possible to isolate malfunc- 
tions in the elevon actuators or amplifiers. 


І 

The 759-614" and “5-165” ENGAGE CIRCUIT TEST 
switches connect an indicator lamp labeled "CIRCUIT 
OK" to various test points in the engage circuitry to 
indicate the proper circuit condition at that point. The 
test points consist of pin jacks at the bottom of the 
front panel. The pin jacks provide access to signal 
sources and system voltages for test purposes. In the lid 
of the calibrator case is a complete list of the test 
points, their functions, and their relation to the 
damper and AFCS interconnection system. By follow- 
iing the directions and tables given in the list you can 
icheck all applicable voltages in the system. 


1 
PURPOSE OF CALIBRATION. 


The main reason for calibrating the pitch and yaw 
damper systems is to insure that signal outputs from 
the amplifiers provide the correct control surface 
movement. As you will recall, there are several points 
in the system where it is possible for unbalanced con- 
iditions со exist—the vacuum tubes in the differential 
amplifiers, the position of the wiper arms on the ро- 
tentiometers of the feedback circuits, and variations in 
electronic components such as resistors and capacitors. 


! It is important to remember that calibration does пос 
т, - ` 

involve adjusting the control surfaces to these unbal- 
anced conditions; but instead involves compensating in 
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the circuits for the outputs to the control surfaces. 
The calibration of the system was planned to make іг 
as convenient for you as possible. Therefore, you will 
find that che adjustments are located where they are 
the easiest to reach. There are no adjustments to per- 
form on the rate gyros; neither are there any оп the 
feedback potentiometers on the servo actuators. The 
controls are ай located on the front of the amptifier- 
calibrator units so that you can work at ground level. 
You will remember that the amplifier-calibrators are 
located on the aft electronics compartment door. 


CONTROL SURFACE RESPONSE. 


One of the most important phases of calibration is che 
measurement of control surface response to damper 
system signals. To aid you in measuring the control 
surface response, there are two Special measuring tools 
—one for the rudder, and the other for the elevons. 
Of course, prior to calibration you will have checked 
the rigging and determined that the mechanical move- 
ment of the surfaces is satisfactory. 


THE RUDDER ANGLE RIGGING GAGE. 


The measuring device for rudder movement is known 
as the rudder angle rigging gage. Аз you can see from 
the illustration in figure 5-13, chis device is similar to 
a protractor. It attaches to the stub island at the Бог- 
tom of che rudder. It is interesting to note that the 
cudder acts as its own indicator and that you read the 
cudder movement from neutral directly from the rud- 
der position in relation to the protractor. If the initial 
position of the cudder does not correspond to the neu- 
tral position on the protractor, you can adjust it 
through actuation of the trim concrol system. 


THE CONTROL SURFACE DEFLECTOR GAGE. 


A somewhat different device measures elevon move- 
ment. Notice the control surface deflector gage in fig- 
ure 5-14; this gage attaches to either wing at the posi- 
tion shown. The base of the gage is fixed to the wing 
by two inscallation pins. First, however, you must 
remove the studs in the wing hoist fittings to permit 
the pins to be attached to the fittings. 


It is extremely important to align the elevons to the 
neutral position. There is a reference rivet on the fuse- 
lage (where the elevons meet the fuselage) that you 
must use in determining the neutral position. As with 
the rudder, you may use the trim system го assist in 
obtaining elevon neutral positioning. 


After you have adjusted the elevons to the neutral 
position and attached the base of the gage to the posi- 
tion shown in the illustration, there are minor adjust- 
ments you musr perform to assure accurate readings. 
Аз you can see in the illustration, there is an adjusting 
nut where the lever attaches со the base. You can 
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Figure 5-13. Rudder Angle Rigging Gage 


adjust the lever to the desired position for neutral read- 
ings. The neutral position readings are 5 for the small 
dial and 0 for the large dial. 


The dials operate in the following manner: the probe 
that touches the elevon surface is movable and follows 
elevon movement up and down, and as it follows che 
movement, a ratchet within the gage causes the indi- 
cator dials to move. The large dial moves one com- 
plete revolution for each degree of elevon travel; che 
small dial reads tota! degree travel and ha$ a maximum 
reading of 10°. 


You must adjust the lever arm so that the small dial 
reads 59. This permits 5? measurement of elevon 
travel in either direction from the neutral point. Since 
the large dial is calibrated in thousandths of a degree, 
it would be impractical to adjust the lever acm until 
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the large dial read 0. Therefore, there is a provision 
for adjusting the face of the dial so you can place the 
0 under the pointer. 


TROUBLESHOOTING AND MAINTENANCE 
PROBLEMS OF THE DAMPER SYSTEMS. 


In troubleshooting the damper systems, there are sev- 
eral types of troubles you may encounter. These trou- 
bles may be grouped under two main headings: those 
problems dealing with power distribution within the 
daniper system proper and those involving output sig- 
nals of the damper system components. 


Under this first grouping, power distribution, let us 
consider one of the most important areas of the 
damper systems — the circuit breakers connecting 
power from the buses со the damper system circuits. 


Ф 


INSTALLATION PINS. 


SHORT PIN: 


81М509544 


FLIGHT CONTROL SYSTEM 


INDICATOR DIAL 


Figure 5-14. Control Surface Deflector Gage 


‚А common malfunction is caused by the failure of a 
circuit breaker to stay in the closed position. This indi- 
cates that excessive loads are in the circuit, such as a 
!direct short, or that the mechanism of the circuit 
ı breaker is defective. 


'To check for this condition, you must open the circuit 
breaker and place an ohmmeter between the deener- 
' gized portion of the circuit breaker and ground. This 
(УШ indicate either that the circuit is satisfactory or 
! there is a direct short. If che circuit does not reflect a 
| direct short, then it is safe to assume the trouble is in 
| the circuit breaker mechanism. You should replace it. 


| On the other hand, if the circuit reflects a direct short, 

you must disconnect alf the components that connect 
| to the circuit from the circuit breaker. With all the 
components disconnected, you must check the aircraft 


wiring from the circuit breaker to the using compo- 
nents. If this does not reveal the short, re-engage the 
circuit breaker and reconnect the components one at 
a time until the circuit breaker "pops" to the open 
position. The trouble lies in the component that you 
reconnected just prior to the "popping" of the circuit 
breaker. 


Another problem is the high readings of the -|-105 
and —105 d-c voltages. The initial check for this con- 
dition is to open the circuit breaker and look for dis- 
connect components. If this condition does not exist, 
then you must check for an open circuit in the aircraft 
wiring that supplies these voltages to the various 
components. After determining that the trouble does 
not exist in the wiring, the next step is to check for 
an open potentiometer in the components. Ás a last 
resort, you should replace the rudder-power amplifier- 
calibrator. 


147 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


The reverse of this situation is the reading of low 
7-105 and —105 d-c voltages. In this case, you should 
first disconnect the circuit breaker and check the resist- 
ance between the 105-volt circuit and the signal 
ground. The resistance should be within 2700 to 3000 
ohms. If the resistance is low; the next step is to dis- 
connect all of the components of the system that use 
these voltages and measure the resistance between the 
105-volt circuits and ground for an open circuit, 


Another check is the reading of the potentiometers in 
each of the system components for their proper value 
as indicated from the schematic diagrams. А final 
check is the replacement of the rudder-power ampli- 
fier-calibrator. 


When the DAMPER ENGAGE switch will not "hold" 
in the ON position once you have actuated it, you 
must check the FLIGHT CONTROL DAMPER circuit 
breakers (both 28-volts d-c and 115-volts a-c) to make 
sure they are closed. If they are closed, the next item is 
the damper engage circuitry. You have already learned 
the operation of this circuit; so you are familiar with 
the conditions for energizing the holding relay at the 
DAMPER ENGAGE switch. 


Another problem is the placing of the damper switch 
to the MANUAL position, and the unlock solenoids 
not energizing. With the engage circuitry schematic, 
check the conditions for energizing the unlock sole- 
noids. 


Now we come to those problems concerning the out- 
put signals from the damper system components. Sup- 
pose when you engage the damper system, the rudder 
moves violently in either direction. This condition 
means the engage transient ас the rudder is too great. 
Тһе first item to check is the output from the aileron 
position potentiometer with the ailerons at zero; this 
output should read 0 z-.2-volt. 


If the trouble still exists following this check, you 
must now determine if (Һе actuator feedback gain con- 
trol on the front of the rudder-power amplifier-cali- 
brator is not at zero, You check this by observing che 
position of the control knob with reference to the cali- 
bration marks on the front of the panel. 


Тһе next item to check is the zeroing control on the 
amplifier-calibrator. As you move the zeroing control 
slowly and evenly, observe the rudder movement. If it 
moves abruptly from one damper limit to the other 
(6? on either side of neutral) you must check for the 
presence of an actuator feedback signal. This is done 
by adjusting the zeroing control while observing the 
actüator feedback signal on the voltmeter. The next 
check to make is to push the zero button on the front 
of the amplifier and observe which way the needle 
moves as you adjust the zeroing control. As you move 
the zeroing control, the needle should move smoothly. 
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However, if the needle on the meter remains in the 
center of the dial or at one extreme, this indicates the 
resistance in the rorque motor coils might be out of tol- 
erance, When such is the case, you will have to replace 
the servo actuator or HEP valve. If the torque motor 
Coils are satisfactory, the next item to check would be 
the wiring from the actuator to the amplifier for con- 
tinuity. 


Another maintenance problem you may encounter is 
that the engage transient at the elevons is too large. 
This means they snap into position when you engage 
the damper system. In general, the check for this con- 
dition is quite similar to that for the rudder. Adjust- 
ment of the appropriate elevon amplifier zeroing con- 
trols, gain controls, and observation of the meter 
response to zero contro] adjustment applies here the 
same as in rudder troubleshooting. 


А chattering of the control surfaces, when you engage 
the damper system, indicates "noise" is present in the 
electronic components. This check involves the isola- 
tion of the unit delivering these erratic output signals 
to the servo actuator. It is anticipated there will be a 
provision on future test units to ground all the cir- 
cuits to the torque motor. This will permit you to cut 
off all signals to the control surfaces. When the con- 
trols are quiet, you can simply introduce the input 
signals one at a time unti] the chattering starts once 


again. The component sending the signal last intro- ` 


duced must then be changed. 


When the control surfaces do not move smoothly in 
response to a smoothly applied signal, you should 
replace the servo actuator since there is probably a 
malfunction in either the torque motor or the ports 
in the servo actuator. 


'These maintenance problems we have discussed give 
you some idea of the types of problems you may en- 
counter and the method for correcting them. With the 
use of the test equipment, the isolation checks will 
become easier; but you still must have a thorough 
knowledge of the data flow in order to understand the 
nature of the malfunction. 


SUMMARY. 


'The basic principles of flight presented in the first 
chapte: apply to all aircraft, but special emphasis was 
placed on those principles peculiar to the Е-102А, The 
second and third chapters dealt specifically with the 
F-102A control surfaces—the elevons and rudder— 
and their associated hydraulic and mechanical control- 
ling components. The fourth chapter gave you the 
pitch and yaw damper systems and the way these sys- 
tems affected the control surfaces. The fifth and last 
Chapter presented you with the general principles of 
AFCS. Throughout this supplement, you learned the 
many maintenance and operating practices to follow 
for proper system operation. 


Аз you know, the F-102A interceptor is а result of the 
combined efforts of many people. In one lifetime, ic 
is doubtful whether any оне of them could hope to 
understand completely all the detailed aspects of 
F-102A operation. But you (and they) can become 
familiar with a particular portion of the F-102A. 


The material in this Flight Control System Supple- 
ment, as well as the information in the F-102A Flight 
Controls Maintenance Manual, Т.О. 1Е-102А-2-7, will 
help you to become thoroughly familiar with the op- 
егасіоп and maintenance of the F-102A flight controls. 


FLIGHT CONTROL SYSTEM 


Always keep in mind that you can never obtain all the 
information you need or desire in one particular book 
Concerning a system on this airplane. You must con- 
ѕсапсіу review and study all available sources of sys- 
tem information. This reminder applies to all aircraft 
systems, but is particularly emphasized for the flight 
controls. The reason for this is the growth and devel- 
opment of the fire control systems that will eventually 
dominate the flight control and armament systems of 
all military aircraft. 
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Foreword 


The F-102A Training Supplements have been pre- , 


pared by Convair, A Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems. 
"There are ten of these supplements, each covering an 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
? Low-Pressure Pneumatic System 

Airplane General 

Airframe Fuel System 

Power Plant Installation 

Airframe Armament System 

Electrical System 

Instruments 


Each supplement describes an operating system or 
major component, how and why it operates, and main- 
tenance problems that you may encounter. The entire 
major system is further simplified by describing each 
of its subsystems separately. Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar with the functions of the major system. This 
knowledge of the airplane systems will enable you 
to use other operational, service, and maintenance 
instructions. 


Since tbe purpose of tbese publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances are not given. Any values that appear in these 
supplements ave approximate only and are used to 
emphasize more clearly a certain operation or condi- 
tion. You must refer to your 1F-102A-2-3 and -2-6 Tech- 
nical Orders and other pertinent handbooks for specific 
values when adjusting or checking a system and its 
components. These Technical Orders are revised peri- 
odically to include the latest maintenance procedures 
and data on the equipment installed in che F-102A. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


Т.О. 1F-102A-2-1 
Т.О. 1Е-102А-2-2 
Т.О. 1F-102A-2-3 
T.O. 1F-102A-2-4 


General Airplane 


Power Plant 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


T.O. 1Ғ-102А-2-5 
T.O. 1F-102A-2-6 
Т.О. 1Е-102А-2-7 


Fuel Supply System 
Air Conditioning, Pressurization, and Апіі-Ісіпа Systems 


Flight Control Systems 


Т.О. 1F-102A-2-8 
T.O. 1F-102A-2-9 
T.O. 1F-102A-2-10 
T.O. 1F-102A-2-11 
Т.О. 1Ғ-102А-2-12 
Т.О. 1Ғ-102А-2-13 


Landing Gear 
Instruments 


Electrical Systems 


Radio-Communication and Navigation Systems 
Armament and Armament Electronics 
Wiring Data (F-102A) 


T.O. 1F-102A-2-13A Wiring Data (TF-102A) 


'The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible. The Air Force, like a manu- 
facturer of an automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The printed instructions you will use most fre- 
quently in maintaining the Е-102А are the dash-2 


у 
"Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance infromation. The 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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This supplement is arranged in six chapters and covers the F-102A Low- 
Pressure Pneumatic System. Chapter I contains a general introduction to 
pneumatic principles and their application in the F-102A airplane. The 
Low-Pressure Pneumatic System is briefly described to give you a general 
understanding of the system. Chapter II describes the sources and distri- 
bution of all low-pressure air used in the F-102A. In chapter III you 
learn about the cockpit air conditioning and pressurization system and 
how it is controlled. Chapter IV describes how low-pressure air cools and 
ventilates the various electronic compartments in the airplane. Chapter 
V contains a description of the subsystems that are pressurized with air 
from the low-pressure pneumatic system. In chapter VI you learn about 
the airplane anti-ice and defog systems. 'The automatic anti-ice control 
system and the various anti-icing systems—both hot air and electrical— 


are completely described. А summary concludes this supplement. 
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Chapter i 


PNEUMATIC PRINCIPLES AND THEIR APPLICATION TO THE F-102A 
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Modern high-speed airplanes, like the F-102A inter- 
ceptor, use compressed air to perform many functions. 
You probably know that a functional compressed 
air system is called a pneumatic system. A high-pres- 
sure pneumatic system uses highly compressed air to 
perform work functions. А low-pressure pneumatic 
system uses lower pressure air to operate many utility- 
type subsystems. You will find that the F-102A air- 
plane uses both of these systems—but keep in mind 
that they are distinct and separate systems. 


The high-pressure pneumatic system uses high-pres- 
sure air that is stored in flasks—at about 3,000 psi 
maximum pressure—for the operation of the arma- 
ment bay doors and armament displacement assem- 
blies, the emergency extension of the landing gear, 
the deployment of the drag chute, and the braking 
action of the main wheels. This independent system 
is completely discussed in another "Training Supple- 
ment of this series. 


Тһе low-pressure pneumatic system uses а combina- 
tion of outside ram air and engine bleed air to air- 
condition, pressurize, ventilate, de-ice, and de-fog the 
airplane. 


Figure 1-1 shows a simple high-pressure and a simple 
low-pressure pneumatic system. Note that the source 
of power for the high-pressure system is the air 
pressure stored in the air flasks. These flasks must be 
charged (filled with air) by a ground compressor 
while the aircraft is on the ground. The amount of 
‘work which the high-pressure system can accomplish 
is limited by the amount of air that the flasks can 
store, 


As shown in the lower view of the illustration, the 
air for the low-pressure pneumatic system is taken 
from the atmosphere surrounding the airplane dur- 
ing flight. One source of air is the bleed point on the 
engine N, compressor section, while the other source 
is the boundary ram air intake. By using atmospheric 
air, the айг supply for the low-pressure system is prac- 
tically unlimited. 


The success or failure of an F-102A intercept mission 
may often depend on the proper operation of the low- 
pressure pneumatic system. The icing of air intakes, 
the fogging of windshields, or the sudden loss of 
cockpit pressure could cause the failure of a mission 
and/or the loss of both the pilot and the airplane. 
The electronic equipment in the fire control and 
communication systems will function properly only 
when correctly ventilated. Because of the large electri- 
cal power losses involved in operating the electronic 
equipment, excessive amounts of heat are generated. 
If this heat were not dissipated, the electronic equip- 
ment would become overheated and would malfunc- 
tion. 


THE F-102A LOW-PRESSURE 
PNEUMATIC SYSTEM. 


As you will note in figure 1-2, the F-102A low-pressure 
pneumatic system air-conditions and pressurizes the 
cockpit and ventilates and cools the electronic com- 
partments, the IFF unit, and the aircraft generators. 
This system also furnishes compressed air to pressurize 
the fuel tanks, hydraulic reservoirs, elevon artificial- 
feel system, canopy seal, pilot’s G-suit, and the glycol 
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Figure 1-1. High-Pressure Versus Low-Pressure Pneumatic Systems 
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Figure 1-2. Functions of the Low-Pressure Pneumatic Systems 


tank of the anti-icing system. The system also pro- 
vides hot air to anti-ice the engine ram air intake 
ducts, to rainclear and anti-ice the pilot's left wind- 
shield, and to de-fog the canopy. Notice the many 
functions this system performs—it could easily be 
called a "jack of all trades." 


AIR SOURCES FOR THE 
LOW-PRESSURE PNEUMATIC SYSTEM. 


Figure 1-3 shows that the air used in the low-pressure 
system enters the boundary-layer air intake ducts or 
the engine air intake ducts as тат air. Part of this 
ram air is used in its untreated state for cooling and 
ventilating purposes. Most of the ram air, however, 
is drawn into the engine compressor where it is com- 
pressed and diffused before it enters the engine com- 
bustion chamber. А small part of the engine air is 
bled from the second, ог Na, stage of the engine com- 
pressor. Some of this hot, compressed bleed air is used 
in the anti-ice system and some is used to pressurize 
the hydraulic reservoirs and the elevon artificial-feel 
system. Most of this bleed air passes through a re- 
frigeration unit where it is conditioned. Conditioned 
air from che refrigeration unit is used to air-condition 
and pressurize the cockpit, while partially conditioned 


air is used to pressurize the canopy seal and other 
airplane components. Ás shown in figure 1-3, the 
low-pressure pneumatic system consists of a combina- 
tion of untreated ram air, unconditioned bleed air, 
partially-conditioned bleed air, and conditioned bleed 
air. 


А thumbnail description of each use of the low-pres- 
sure pneumatic system is given in the following text. 
These short descriptions will give you a general 
concept of the overall low-pressure pneumatic system. 
In the following chapters of this Training Supple- 
ment, each application of the low-pressure system will 
be described in detail. 


COCKPIT AIR CONDITIONING 
AND PRESSURIZATION. 


Ав shown in figure 1-4, the cockpit of the F-102A 
airplane is both air-conditioned and pressurized by 
air bled at a high temperature and pressure from the 
engine compressor. Note that the bleed air is condi- 
Honed before іс enters the сосЕріс by being routed 
through a refrigeration unit. The refrigeration unit 
consists of ап air-to-air heat exchanger and an expan- 
sion turbine. 
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Note that ram air from the right boundary-layer air 
intake duct passes through the refrigeration unit heat 
exchanger. This air acts as a cooling agent for the 
bleed air. After passing through the refrigeration unit, 
the conditioned air mixes with unconditioned bleed 
air which has bypassed the refrigeration unit. It then 
enters the cockpit through piccolo tubes. The pro- 
portion of unconditioned, or by-pass, bleed air to con- 
ditioned bleed air determines the temperature of the 
air entering the cockpit. Note that this conditioned 
air flows from the cockpit, through a pressure regu- 
lator, to the forward electronic compartment. 


Ап automatic temperature control system regulates 
the cockpit temperature by controlling the opening 
of the bypass valve. The amount of unconditioned air 
(hot air) is controlled by varying the bypass valve 
position. À temperature control switch permits the 
pilot to select the desired operating temperature. 


Тһе air-conditioning system will operate on the 
ground with the engine running; however, the con- 
ditioned air from the refrigeration unit will have a 
higher temperature than during flight. This is be- 
cause little or no bleed air is mixed with the condi- 
tioned air and the total flow of air to the cockpit is 
therefore less than it would be during in-flight opera- 


tions. Áir pressure in the cockpit is kept tolerant 
during flight by means of a pressure regulator that 
controls the flow of air from the cockpit. When fly- 
ing below 10,000 feet, the flow of air from the cock- 
pit is unrestricted; therefore, the cockpit is unpres- 
surized, and the air pressure in the cockpit is the 
same as that of the altitude at which the airplane is 
flying. (This is often referred to as "cockpit altitude 
and airplane altitude being the same.") 


When flying between 10,000 and 26,000 feet, the 
pressure in the cockpit is maintained at the 10,000. 
foot level. Thus, the cockpit altitude is 10,000 feet 
and the airplane altitude may be 25,000 feet. Above 
the 26,500-foot altitude level, «Бе cockpit pressure (or 


altitude) is regulated to about 5 psi above atmospheric 
pressure. 


Тһе chart (figure 1-5) shows the level of pressuriza- 
tion maintained at any altitude. For instance, at the 
40,000-foot altitude level (step 1 on the chart), the 
cockpit pressure maintained equals the atmospheric 
pressure at an altitude of 17,000 feet (step 3 on the 
chart). The 5 psi differential is represented by step 2. 
When the difference between atmospheric and cock- 
pit pressure exceeds 5 psi, an air safety valve relieves 
the cockpit pressure by venting air overboard. 
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Figure 1-5. Cockpit Pressurization Schedule 


In the event the air-conditioning and pressurization 
system becomes inoperative, the pilot can shut off the 
bleed air and turn on the ram air to ventilate the 
cockpit. The flow control valve (see figure 1-6) is 
closed to shut off the bleed air, the ram air valve is 
open to permit air from the left boundary-layer 
air intake duct to enter the cockpit, and the air safety 
valve is open to depressurize the cockpit. When the 
control switch is OFF, all air to the cockpit is cut off 
and the safety valve remains closed. 


Whenever the bleed air is shut off from the cockpit, 
the cockpit pressure slowly decreases because of air- 
frame leakage. А rate sensor unit controls the rate of 
bleed air flow to prevent pressure surges in the cock- 
pit when the bleed air shutoff valve is opened. This 
control unit is described in detail in Chapter JH of 
this Training Supplement. 


VENTILATION SYSTEM, 
IN-FLIGHT OPERATION. 


'The various electronic compartments in the forward 
part of the airplane are ventilated mainly by ram air 
from the left boundary-layer air intake. In the figure 
1-7, note that the ram air enters the intake and passes 
through a pressure regulator and temperature con- 
trolled shutoff valve before it is distributed through 


6 


the ducts to the various parts of the electronic com- 
partments. The pressure regulator component of the 
shutoff valve prevents the air pressure in the ducts 
from exceeding a set pressure. When the intake air 
becomes too hot, the temperature controlled shutoff 
valve stops the flow of ram air. The conditioned air 
discharged from the cockpit provides additional 
ventilation for the forward electronics compartment. 
The ventilating air from the forward electronic com- 
partment and the intermediate electronic compart- 
ment is exhausted into the armament bay through a 
pressure relief valve and overboard through controlled 
leakage. 


When the shutoff valve closes and stops the flow of 
ram air to the ventilating system, the discharge air 
from the cockpit provides the necessary emergency 
cooling for the forward electronic compartment and 
the intermediate and upper electronic compartments. 


'The aft electronic compartment, IFF compartment, 
and the generators are ventilated by ram air drawn 
from the engine air inlet ducts. See figure 1-8. Those 
compartments are not pressurized, and the air has ап 
unrestricted exhaust from each compartment. 


To prevent highly corrosive rocket exhaust fumes 
from damaging the electronic equipment, the flow of 
the ventilating system ram air is automatically cut off 
just before che rockets or missiles are fired. Air flow 
is automatically restored several seconds after the fir- 
ing cycle is completed. 


VENTILATION. SYSTEM, 
GROUND OPERATION. 


When the engine is мої running, there are no pro- 
visions for ventilating the aft electronic and IFF com- 
partments on the ground. However, the forward, inter- 
mediate, and upper electronic compartments can be 
ventilated by a ground air-conditioning unit that is 
connected to the forward electronic compartment 
through the nose wheel well. As you can see in figure 
1-9, air from the ground air-conditioning unit flows 
into the forward electronic compartment. From there, 
note that the air flows to the intermediate and upper 
electronic compartments through the ram air distribu- 
tion ducts. Note also that three exhaust outlets pre- 
vent the buildup of pressure in the cockpit and com- 
partments. The conditioned air also flows from the 
forward electronic compartment to the cockpit. The 
pressure opens the cockpit pressure regulator. Thus, 
Cockpit ventilation is provided on the ground. 


When the airplane is on the ground and the engine 
is idling, the air pressure in the engine air intake 
ducts creates a negative pressure, or partial vacuum, 
in the aft electronic compartment, the IFF unit, and 
the generators. Following figure 1-10, you can see 
«һас this continuously draws outside air into the 
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Figure 1-6. Cockpit Ventilation by Ram Air, In-Flight 


generators through a flapper door and into the aft 
electronic compartment апа ТЕЁ unit through vents 
into the fuselage. Notice ап additional continuous 
flow of cooling air created by rhe engine intake. The 
engine draws air through the intake and check valve 
from the intermediate and upper electronic compart- 
ments, and the air drawn from the compartments is 
replaced by air entering through the nose wheel well. 


On the ground, with the engine idling, the forward, 
intermediate, and upper eleccronic compartments аге 
cooled by means of a jet pump. Figure 1-11 illustrates 
the general layout of che ventilating system. When 
you operate the system under these conditions, you 
can see that the jet pump valve opens and engine 
bleed air flows forward and out of the airplane 
through the left boundary-layer intake, thus reversing 
the normal flow of air in the duct. 


This reverse air flow causes a partial vacuum which 
draws air from the forward, intermediate, and upper 
electronic compartments. The compartment air is 
replaced by outside air entering through the nose 
wheel well, If che airplane skin near the jer pump 
nozzle becomes соо hot, the jet pump valve will auto- 
matically close completely. 


When the control switch is in PRESSURE, the cock- 
pit air-conditioning system operates on the ground. 
This permits conditioned air from che cockpit to enter 
the forward electronic compartment. This air, com- 
bined with the air from the jet pump, greatly im- 
proves the effectiveness of che ventilation. system. 
When the cockpit canopy is open, the cockpit pressure 
regulator will not open and the air cannot епгег the 
compartment, 


PRESSURIZATION OF 
OPERATING SUBSYSTEMS. 


Certain airplane components or systems are pressurized 
wich bleed air from the low-pressure pneumatic sys- 
tem. The items concerned are: the canopy seal, the 
glycol tank used in the radome anti-ice system, the 
fuel tanks, the pilots G-suit, the hydraulic fluid reser- 
voirs, and the elevon artificial-feel system. As shown 
in figure 1-12, che hydraulic reservoirs and che artifi- 
cial-feel system are pressurized with unconditioned 
bleed air whenever the engine is running. 


Тһе other four subsystems use partially conditioned 
bleed air from the heat exchanger. This partially con- 
ditioned air is cut off whenever che flow of bleed air to 
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Figure 1-7. Ventilation of Electronic Compartments, In-Flight, Forward Portion. 


the heat exchanger is halted—when armament is being 
fired or when ram air is being used for cockpit ventila- 
tion. АП of these subsystems or components are briefly 
discussed below. You will find a more complete dis- 
cussion in Chapter V of this Training Supplement. 


'The canopy is sealed to prevent the loss of cockpit 
pressurization and to prevent the entry of rain. Part 
of the seal system consists of a hollow rubber tube іп- 
stalled їп a channel around the lower part of the 
canopy. Partially conditioned bleed air pressurizes 
this canopy seal tube whenever the canopy is closed 
and latched. 


The fuel tanks of the F-102A airplane are pressurized 
to insure a continuous flow of fuel to the engine. 
Two separate sources of compressed air are used. In 
figure 1-12, you can see that one source is partially 
conditioned bleed air from the refrigeration unit heat 
exchanger. The second source is unconditioned air 
bled from the М, stage of the engine compressor. This 
second source is necessary because the flow of air from 
the heat exchanger is occasionally shut off. Fuel tank 
pressurization is completely discussed in another 
"Training Supplement of this series which covers the 
F-102A Airframe Fuel System. 


The pilot of the F-102A airplane always wears a G- 
suit to prevent his blacking out during sudden ac- 
celerations or changes in direction. Partially condi- 
tioned bleed air, from the refrigeration unit heat 
exchanger, automatically pressurizes the suit during 
these maneuvers. 


Each of the two reservoirs in the hydraulic system 
is pressurized with unconditioned bleed air. This 
pressure is controlled and regulated by regulators in 
the hydraulic system. Pressurization of the reservoirs 
helps maintain a positive fluid flow to the hydraulic 
pumps. The hydraulic system is completely discussed 
in another Training Supplement of this series. 

The elevon artificial-feel system resists movement of 
the elevon controls with a force that varies with air- 
plane speed and altitude. Unconditioned bleed air 
from the М; section of the engine is fed into an air 
regulator that controls this system. This provides the 
pilot wich the "feel" of the elevon movement that is 
lost through the use of a hydraulic power system. 


ANTI-ICING SYSTEMS. 


Тһе Е-102А airplane contains a complete anti-ice and 
de-fogging system that uses engine bleed air, glycol 
fluid, and. electrical current. An automatic ice detec- 
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tion system controls parts of the system while other 
parts are controlled manually by the pilot. When 
the engine is not running, the entire anti-ice system 
is shut off on the ground with the exception of certain 
pilot controlled systems. On the ground, the radome 
anti-ice system is always shut off. 


The ice detection system—consisting of an ice de- 
tector probe and a system of electrical switches and 
relays—controls the flow of bleed air that anti-ices 
the engine air intake and the forward edges of the 
ram air intake ducts. Figure 1-13 shows the parts of 
the anci-icing system that are supplied with hot air 


' from the low-pressure pneumatic system. The ice de- 


tection system also controls the flow of glycol fluid 
that anti-ices the radome and controls the electrical 
Current that de-ices che "Q" pressure intake assemblies 
(artificial feel system pressure intake) on the rudder. 
The windshield rainclearing and anti-icing, pitot- 
static tube anti-icing, windshield defogging, canopy 
defogging, and pilots oxygen mask defogging sys- 
tems all have individual controls operated at the pilot's 
discretion. 


Hot Air Anti-Icing Systems. 


Тһе forward edges of the engine ram air intake ducts 
are of double-skin construction and have small slots 


along the inboard edges of the ducts. When the ice 
detector probe detects ice formation іп the engine 
intake, the automatic control system operates and 
routes hot bleed air to the hollow forward edges of 
the intake ducts, The hor air melts the detected ice, 
and this air is then exhausted overboard through the 
slots. If the airplane skin becomes too hot, themostatic 
switches in che control system stop the flow of bleed 
air through the forward edge of the intake ducts. 


Тһе windshield rainclearing and anti-icing system is 
controlled by a switch in che cockpit. When the 
switch is ON, a flow of bleed air spreads out over 
the external surface of the left windshield, forming a 
screen of warm air—to prevent rain from reaching 
the windshield. This, combined with the defogging 
system that electrically heats the windshield, prevents 
the formation of ice on the windshield. 


The canopy panels of the F-102A airplane are de- 
fogged by a hot-air system manually controlled by 
the pilot. When che contro! switch is turned ON, 
partially conditioned air from the refrigeration unit 
heat exchanger enters the defog ducting and creates 
a negative pressure, or parcial vacuum, behind it. You 
can follow this action in figure 1-14. Warm air 
from the cockpit enters the end of the duct to fill the 
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vacuum, and is sucked through the ducting and out 
through nozzles at che forward end of the canopy. 
This defogs the inner side of the canopy glass. 


The engine anti-icing system, also cailed a de-icing 
system, is a component part of the engine and is com- 
pletely discussed in anocher Training Supplement in 
this series which covers the Power Plant Installation. 


Electrical Anti-Icing Systems. 


The two windshield “Меза” glass panels are defogged 
by electrical heating elements imbedded in the glass. 
See figure 1-15. The system is controlled by a toggle 
switch in the cockpit. Preset temperature sensing 
elements, in the glass, maintan the temperature of che 
glass by varying the flow of electric current in the 
heating elements; 


Тһе “О” pressure intake assembly consists of two 
pitot-type tubes that pick up ram air pressure and 
feed ir to the flight control feel systems. The feel 
systems supply che pilot wich an artificial feel, or re- 
sistance to control movement, that varies with the 
"©" pressure. Electrical heating elements prevent the 
formation of ice which would block the air intake. 
Іп the illustration, note that the instrument pirot- 
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static boom and tube project forward from the nose 
of the airplane, Electrical heating elements prevent 
the formation of ice that might block the pitot and 
static air intakes. The flow of current to the heating 
elements is controlled by a switch in che cockpit. 


Тһе pilot's oxygen mask is defogged electrically. Note 
that the system consists of a control switch, a power 
source, a variable resistor to contro! the heat, and a 
quick-disconnect lead to the mask harness. 


Fluid Anti-Icing System 


Тһе radome 18 anti-iced by glycol contained in a 
pressurized tank. The radome anti-icing shutoff valve 
is controlled automatically. When it is open, glycol 
is forced overboard, through a porous ring, to form 
an anti-ice film on the exterior of the radome. 


PNEUMATIC PRINCIPLES. 


There are certain fundamental principles «һас you 
should keep in mind when working with the low- 
pressure pneumatic system. These principles deal 
with the behavior of air under different conditions, 
and are discussed in che following paragraphs. 
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ATMOSPHERE AND 
ATMOSPHERIC PRESSURE. 


The atmosphere consists of a thick blanket of air 
surrounding the earth. Air is composed of tiny mole- 
cules of different gases, mostly nitrogen and oxygen. 
These molecules are very small, so small that you 
cannot see one even with che aid of the most powerful 
optical microscope. Actually, since the distance be- 
tween molecules is very great in comparison to their 
size, air is mostly empty space. These molecules are 
continually in motion, colliding with each other 
and with surrounding objects. The combined force 
of all these collisions gives the effect of atmospheric 
pressure. Obviously, the fewer molecules of air in 
а given space, the fewer collisions there will be. 
Тһе fewer collisions there are, the less the pressure. 
Study the illustration (figure 1-16) and you will under- 
stand this statement. Air pressure at sea level is rela- 
tively great. The weight of the air above presses on 
the air below, forcing more molecules into a given 
space. This increase in number of molecules causes 
an increase in the number of collisions and cherefore 
an increase in pressure. Ас higher altitudes the mole- 
cules are farther apart, therefore the pressure is lower. 


You have probably seen a mercury barometer. It is 
a device that measures atmospheric pressure. When 
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a unit of air is raised higher above the earth, the col- 
umn of air above becomes shorter. Study the example 
in figure 1-17. The cubic foot of air, shown at sea 
level, is compressed by the weight of the column of 
air extending above it ro the upper limit of the: 
atmosphere. This atmospheric pressure supports the 
column of mercury, shown in the tube, at a level 
where the weight of che column is equal to the weight 
of the column of air. This is 29.92 inches mercury (hg) 
at sea level. А change in atmospheric pressure causes a 
corresponding change in the height of the column of 
mercury. 


WHAT HAPPENS WHEN 
AIR IS COMPRESSED. 


We have said that air consists of tiny molecules of 
various gases, mostly nitrogen and oxygen. Actually, 
under погта! atmospheric pressures and temperatures, 
air is primarily empty space with molecules speeding 
around in random directions. The distance between 
the molecules is great, in comparison to their size. 
When pressure is increased, the molecules are pressed 
closer together but are still widely separated. 


Since these molecules are in continuous motion, they 
are constantly colliding. The collision of one mole- 
cule with another, or with the sides of a container, 
causes friction or heat. When air is compressed, the 
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collision rate increases; therefore the temperature 
ríses. The greater the compression, the higher the 


temperature. You can see this relationship in figure | 


1-18. Notice the piston before їс is compressed. The 
molecules are far apart and the temperature bulb and 
the pressure gage have low readings. When the piston 
compresses the air, the molecules move together and 
the temperature and the pressure readings increase. 
This relationship works in the reverse direction, too. 
If the pressure drops, the temperature will drop. 


This beat of compression may result in a very great 
temperature rise, che exact temperature being deter- 
mined by many factors. For instance, if air is com- 
pressed co one-tenth of its original volume, the tem- 
perature may increase from an original 15°C (59°F) 
to 343*C (650%Е). The heat of compression in the 
engine of the F-102A causes the temperature of this 
compressed air to rise as high as 427°C (800°F). 


WHAT HAPPENS WHEN AIR IS HEATED. 


We have seen that che air temperature will rise when 
air is compressed. Now we will consider what happens 
when air is heated. When free air is heated, the 
molecules travel faster. Because of the increased speed, 
the space between the molecules will increase. Іп 
other words, the air will expand. This is shown in 


figure 1-19. Notice that there are fewer molecules 
within a given space and thus there will be fewer 
collisions, but because of their increased speed they 
will have a greater force. This greater force will bal- 
ance the reduction in the number of collisions. There- 
fore, che pressure will not change. 


When the air in a closed container is heated, the air 
cannot expand and the greater force of cach collision 
results in an increase in pressure. The reverse of the 
relationship holds true; that is, if the temperature of 
air in a closed container drops, che pressure also drops. 


WHY AIRPLANES ARE PRESSURIZED. 


Remembering that the molecules in air are evenly 
distributed, you can understand that atmospheric 
pressure (under the same condicions and altitude) wilt 
be equal at any point of contact. Thus, the air pressure 
on the human body is equal ас all points and we are 
not aware of this pressure at any one point. We are, 
however, aware of changes in pressure—especially 
sudden changes like those felt when flying in a rapidly 
climbing airplane. This sudden drop іп pressure 
wouldn't give che body time to adjust and the gases 
trapped in the body would therefore expand and 
cause much discomfort. Іс could even cause death. 
This is even more noticeable when the airplane is 
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rapidly descending. Airplane cabins or cockpits are 
pressurized со prevent this rapid pressure change from 
occurring. 


‘WHY А LOW-PRESSURE AIRCRAFT 
‘PNEUMATIC SYSTEM IS NEEDED. 


In the early days of aviation, an airplane was rela- 
tively simple. It consisted of a wood-and-fabric frame, 
a small power plant, and a simple control system. The 
pilot sat in an open cockpit, protected from the 
‘weather by heavy clothing. Utility-type systems were 
not used; these came later as aviation science advanced 
and as improved power and higher altitude operation 
showed a need for them. 


Perhaps the first use of air in а utility-type system was 
a crude heating arrangement in which ram air was 
heated by conducting it across a hot engine manifold 
cand then directed at the pilot's feet. As time passed, 
airplanes became more powerful and began operating 
ас higher altitudes. Cockpits were enclosed and more 
efficient heating and ventilating equipment was de- 
veloped. Large, high-speed, long-range airplanes were 
too difficult and too tiring to control manually. 
Hydraulic, electric, and pneumatic power control sys- 
tems were developed to eliminate this trouble. 


As airplanes began flying at higher and higher alti- 
tudes, pressurization systems became necessary, not 
‘only for cockpits but also for fuel tanks and hydraulic 
reservoirs. 


In piston-engine powered airplanes, pressurized air 
is supplied by one or more auxiliary air compressors 
driven by the main power plant. These compressors 
add weight to the airplane and supply only a limited 


amount of air. As you learned previously, air becomes 
hot when compressed. This beat of compression must 
be removed before the air can be used in the cockpit. 
То accomplish this, a beat excbanger, or similar de- 
vice, was added to cool the pressurized air. 


Тһе development of the turbojet engine greatly 
simplified che problem of supplying compressed air. 
In this type of engine, air enters the engine in huge 
quantities and is highly compressed by multistage 
compressors before it enters the combustion chambers. 
A portion of this air is used for fuel combustion, but 
most of it is used for engine cooling. In most engines, 
from one to eight percent of this compressed air can 
be bled xo supply different systems without lowering 
engine efficiency. Some sort of cooling device or heat 
exchanger is still necessary before using bleed air for 
Cockpit pressurization or air conditioning. 


Another problem that has kept pace with airplane 
development is that of electronic cooling, Modern 
aircraft carry an enormous amount of electronic 
equipment that must be kept cool to operate properly. 
Ram air, normally used for this purpose, is easily 
available, but the complicated distribution ducts neces- 
загу to route the air present many problems. Since 
bleed air is very hot, it provides a convenient method 
of de-icing or defogging various parts of the airplane. 
From the above discussion, you can see that each 
part of a low-pressure pneumatic system was develop- 
ed to meet a particular need. Air-conditioning із 
necessary to provide a stable cockpit temperature de- 
spite extreme external temperature changes during 
flight. Pressurization is necessary to maintain body 
functions at extreme altitudes. Anti-icing systems in- 
sure the proper operation of instruments and controls 
and prevent ice from adding weight to the airplane. 
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Complicated ventilating systems аге nécessary to keep 
electronic equipment at proper operating tempera- 
tures, All of these subsystems or circuits are grouped 
together for convenience and called the low-pressure 
pneumatic system. 


TYPES OF AIRCRAFT PNEUMATIC SYSTEMS. 


Modern high-speed airplanes, like the F-102A, con- 
tain many systems and subsystems. Some of them are 
very complex while others are relatively simple. The 
major power systems furnish power to operate various 
other systems. For instance; the hydraulic system fur- 
nishes power to operate rhe flight control system, and 
the high-pressure pneumatic system powers the arma- 
ment bay doors. 


The electrical system of the F-102A airplane furnishes 
electricity го power the electronic components and 
various control circuits. Іп some airplanes, electric 
motors are used to move flight control surfaces, to 
open doors, etc. Ín che F-102A, all such power func- 
tions are performed by either the hydraulic system or 
the high-pressure pneumatic system. 


Тһе F-102A low-pressure pneumatic system is not, 
strictly speaking, a power system. It furnishes a supply 
of ram and bleed air to the air-conditioning, ventilat- 


18 


ing, pressurizing, and anti-icing systems. It differs 
from the high-pressure system in its source of air, 
operating pressures and temperatures, rate of flow, 
and in che type of functions it performs. 


CHARACTERISTICS OF THE 
F-102A PNEUMATIC SYSTEMS. 


The F-102A high-pressure pneumatic system uses high- 
pressure air, from storage flasks, to perform its work 
functions. Before a flight, the flasks are charged with 
dry air from a ground compressor. The supply of air 
is limited, so the number of operating cycles of the 
armament bay doors or other components is limited. 
The low-pressure system of the F-102A airplane uses 
ram air—at atmospheric temperature and slightly 
above atmospheric pressure—and engine bleed air 
(up to 427°C (800°F) and 225 psi pressure), The 
supply of air is unlimited and the rate of flow is very 
high. Bleed air is available whenever the engine is 
running, and ram air whenever the airplane is moving. 


SUMMARY. 


In the preceding pages of this supplement, you have 
learned in a general way what the F-102A low-pressure 
Pneumatic system is, whac it does, and how it oper- 
ates. You realize that many parts of the system, such 
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Figure 1-18. Effect of Compressed Air 
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Figure. 1-19. Effect of Heating Air 


as valves, regulators, and ducts, are subject to extreme 
temperatute and pressure changes. These sudden, 
drastic changes in temperature cause che metals to 
expand and contract rapidly. This expansion and con- 
traction over a period of time may cause metal fatigue 
and failure of an important component of the system. 


PRESSURE INCREASES WHEN AIR IS HEATÉD 


'LOW PRESSURE. PNEUMATIC SYSTEM 


AIR EXPANDS WHEN HEATED ' 


То properly maintain the system, you must know how 
to recognize such defects, how to test and inspect the 
system, and how to correct any faults. In the follow- 
ing chapters you will learn in detail about each part 
of the system, how to recognize its defects, and what 
you should do to correct them. 
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AIR SUPPLY SYSTEM 


Contents 


Engine Bleed Air Supply ............... 
Ram Air Supply .............................. 


Summary .. 


The preceding chapter presented an overall view of che 
F-102A ‘low-pressure pneumatic system—its air sources, 
supply system, and the various subsystems. Each of che 
above was described briefly to familiarize you with che 
various functions of the systems. You also learned what 
air is, and its reaction to compression and heat. 


This chapter describes the air supply system and its two 
sources of air—engine bleed air and ram air. In this 
chapter, you will learn how the air supply is distributed 
and controlled by means of valves and regulators, and 
the changes that take place in air pressure and tempera- 
ture as the air passes from one section of the system to 
another. The various subsystems, such as the air-con- 
ditioning, ventilating, and pressurization systems, are 
covered individually in the succeeding chapters. 


ENGINE BLEED AIR SUPPLY.: 


In Chapter 1, you learned that the low-pressure pneu- 
matic system is supplied hot, compressed air Бу “bleed- 
ing" or tapping air from the engine compressor. The 
entire engine bleed air system, from its cakeoff at the 
engine compressor to the various subsystems and the 
heat exchanger, is illustrated in figure 2-1. The lines 
shown dark in the illustration carry unconditioned 
bleed air. The lines carrying partially conditioned 
bleed air are represented by the lighter lines. 


You learned in Chapter 1 that the pressurized air for 
the F-102A low-pressure pneumatic systems is bled 
from the N, section of the engine compressor. The 
pressure of this bleed air will vary considerably and 
may be as high as 225 psi. The temperature will also 
vary, but will not exceed 427°C (800°F). A brief study 
of the engine and its operation will help you under- 
stand why bleed air temperature and pressure is so much 
higher than atmospheric temperature and pressure. 


The Е-102А airplane is powered by a )57 turbojet 
engine with afterburner. The turbojet engine consists 
essentially of a compressor section, a burner or com- 
bustion section, and a turbine section. The afterburner 
is really a second engine attached to the first and since 
its operation does not affect the low-pressure pneu- 
matic system, we will not discuss it further in this 
supplement. 


In figure 2-2 note that the compressor section contains 
two compressors which operate independently of each 
other. Note also that the curbine section contains a 
three-stage turbine. The first, or forward, stage of the 
turbine is connected Бу a shaft to the aft, or Nz, com- 
pressor. The last two turbine stages are connected 
together and drive the forward, ог М), compressor by 
means of a second shaft which 6 independent of the 
first and rocates inside of it. 


The N, compressor has nine stages, or sets of com- 
pressor blades, while the N, compressor has seven 
stages, making a total of 16 compressor stages. А fixed 
"stator" vane is between each set of blades. These fixed 
"stator" vanes have a definite contour and angle and 
are designed to receive the air from the preceding 
compressor blades and deliver it to the nexc com- 
pressor blade (stage) ас a workable angle, velocity, 
and pressure. 


Each compressor stage increases the pressure of the 
air passing through ic. The pressure of this com- 
pressed air at the sixteenth stage is about 10.5 times 
the pressure at the engine intake. It is at this point 
that some air is "bled" off for the low-pressure pneu- 
matic syste. After leaving the compressor section, 
the compressed air enters the combustion section 
where it mixes with fuel and is ignited. Exhaust gases 
expand to the rear through the turbine section and 
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Figure 2-2. Turbojet Engine Diagram 


drive the turbine at high speeds. Part of the energy 
of che, exhaust gases. drives these turbines, which in 
turn drive the compressors. The remaining energy of 
the exhaust gases imparts a forward thrust to che 
airplane. 


As just mentioned, the compression ratio between 
intake air and sixteenth stage N, air is about 10.5 то 
1. The ratio remains constant. If intake air pressure 
always stayed the same, Nz air pressure would stay the 
зате. This, however, is not the case since intake air 
pressure varies with altitude and speed. Intake pres- 
sure is highest at sea level and at. maximum speed 
because atmospheric pressure is highest at sea level, 
and because the motion of the airplane causes air .to 
be "rammed" into the air intake. Ram air pressure 
increases with speed. 


In Chapter I, you learned that the temperature of air 
increases as it is compressed. The higher che pressure, 
the higher che temperature. The temperature of the 
bleed air will, therefore, vary with pressure, being 
highest at low altitudes and high speeds. 


HOW BLEED AIR IS DISTRIBUTED. 


A. system of metal ducts distributes che engine bleed 
air to various sections of the airplane. Distribution 
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lines that carry unconditioned (hot) bleed air are made 
of stainless steel and are insulated to prevent loss of 
heat. Bleed air that has passed through the, heat 
exchanger of the refrigeration unit will have a much 
lower pressure and temperature, so the duct sections 
Carrying bleed air are made of aluminum and are not 
insulated. 


Аз you might already know, stainless steels have the 
property of being both strong and corrosion-resisrant ac 
high temperatures. Therefore, they are used ex- 
tensively in exhaust collectors, manifolds, and similar 
structures subject to much heat. Although aluminum 
does not possess the same heat-resistant properties that 
stainless steel does, the areas in which aluminum duct- 
ing is used are not required to carry extremely hot air. 


As you can see in figure 2.3, several duct sizes are 
used. The main supply line from the engine com- 
pressor is 2% inches in diameter, with the insulating 
material increasing the dimension to 3% inches. The 
remaining lines that branch off this main supply line 
vary from 34 inch то 2 inches in diameter, with the 
insulation increasing the diameters by У; inch for the 
smaller duct sections and one inch for rhe larger 
sections. : 
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Figure 2-3. Bleed Air Distribution System 
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The main supply line connects to the N, bleed air 
manifold as shown in figure 2-4. Note that it is routed 
forward through the airplane dorsal fairing on top of 
the fuselage to the refrigeration unit. In addition to 
the manifold, the supply line consists of five duct 
sections. The longest section—the one along the dorsal 
fairing—is about 16 feec long. The length of this 
section may vary as much as one inch or more as the 
duct temperature changes from its coldest non-operat- 
ing temperature to its maximum possible operating 
temperature of about 427 С (800°F). Other duct 
sections of this main supply line expand or contract 
in che same manner. 


This expansion or contraction, as the duct tempera- 
tures rise and fall, could cause buckling or other 
damage. The ducts are therefore mounted on rollers 
which move back and forth in guide tracks as the 
duct metal expands or contracts, Figure 2-5 shows one 
of the duct roller supports and its guide tracks that 
allow duct expansion and contraction. 


In addition to the rollers, flexible "bellows" are built 
into the duct sections at various points. These bellows 
expand, contract, or bend as the duct temperature rises 
and falls. Figure 2-6 shows one of these flexible 
bellows installed at che bleed air manifold. Detail А 
shows how a typical bellows fitting is constructed. Моге 
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the accordion, or bellows, section which does the 
expanding and contracting, and the internal structure 
which limits the overall joint movement. 


The smaller ducting that supplies hot bleed air to the 
windshield rain-clearing, intake-duct anci-icing, and 
the jet-pump cooling systems connects to the main 
supply line just aft of the refrigeration unit as shown 
in figure 2-4. Note that each of the three systems has 
its own valve and is independent of the refrigeration 
unit. The ducting of these three systems is similar to, 
but smaller than, the main supply ducting. Ducr 
sections are joined in the same manner and are insu- 
lated in the same way as described below for the main 
supply line. The ducting for each system is described 
more fully in the succeeding chapters of rhis Train- 
ning Supplement, where each system is discussed 
individually. 


Ducting or tubing supplying the canopy seal, G-suit, 
glycol tank, fuel tank pressurization, and the canopy 
defogging systems connect to che heat exchanger. (See 
figures 2-3 and 2-4.) These ducts carry partially con- 
ditioned air and are nor insulated because of the rela- 
tively low temperature of the air carried. Uninsulaced 
aluminum ducting also carries conditioned air from 
thé refrigeration unir to the cockpit air-conditioning 
system. 
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How Duct Sections Are Joined. 


Any air leak in the engine bleed system, especially in 
the main supply line, can seriously reduce the effi- 
ciency of the bleed system or completely disrupt it. 
Because of this, all duct systems are joined in such a 
manner that they are able to withstand the high 
temperatures and pressures. 


Figure 2-7 shows a typical engine bleed air duct con- 
nection. Note that the duct sections are held together 
with a special clamp and are sealed with a gasket. 
The flanges on the ends of the ducting are welded to 
the ducting during assembly and are not removable 
for line maintenance. If a ducting section is new when 
being installed, there will be a plastic coating on the 
flanges; this coating must be carefully removed to 
avoiding damaging the edges of the flanges. 


Figure 2-8 shows a typical duct joint assembly. Моге 
that che inside of the clamp is in the shape of a "У". 
Bring the duct flanges carefully together and align 
them with the gasket centered between the flanges 
as shown. Hold the ducts together while the clamp is 
installed. The nut on the clamp must be tightened 
with a torque wrench, set at 80 inch-pounds (+10). 
After the clamp is tightened, tap the clamp around its 
entire circumference with a small non-metallic суре 
mallet. This procedure distributes any binding around 
the clamp and insures a tight seal around the entire 
joint. Recighten the nut to the 80 inch-pounds torque, 
and then lockwire іс to the swivel holding the “Т” 
end of the clamp bolt. 


Duct Installation. 


Bleed air duct insulation consists of one-half inch of 
compressed fiberglass sandwiched berween layers of 
very thin stainless steel shells. Note in figure 2-9 that 
the insulation is in two half sections. These sections 
of insulation vary in length according to the distance 
becween clamps. The half sections fit around the duct 
and are laced together with lockwire as shown in the 
right view of the illustration, Whenever you install 
or remove this duce insulation, be careful пос б 
damage the metal shell. It is so thin іс could easily be 
punctured with a screwdriver or other tool. 


Access Provisions for Bleed Air Ducting. 


In performing the necessary maintenance and in- 
spections on the bleed air system, you will have to 
remove doors and, in some cases, equipment to gain 
access to the bleed air ducting and connections. Figure 
2-10 shows most of the bleed air ducting and its 
location in the airplane. As you will note, che longest 
section of ducting is along the top or "dorsal" of the 
fuselage. To gain access to this section of ducting, you 
must remove the six sections of dorsal fairing as shown 
in the illustration. 


Note the location of the access doors at the base of 
the fin. These doors must be removed before you can 
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perform maintenance on the joint between the ай 
duct section and the bleed air manifold. Access to the 
remaining ducting forward of the long section can be 
obtained by opening either the upper electronic com- 
partment door or the intermediate electronic com- 
partment door. Some of the bleed air ducting can also 
be reached through the nose wheel well. 


The Refrigeration Unit. 


The refrigeration unit converts hot, compressed engine 
bleed air co conditioned cockpit air. It also furnished 
partially conditioned air to the various subsystems. 
Two views of this refrigeration unit are shown in 
figure 2-11. Note that it consists of a heat exchanger, 
an expansion turbine and blower, a flow-control valve 
assembly, and a bypass valve. The oil level sight gage 
for the expansion turbine and blower can be seen in 
the cop view. 


Air entering the refrigeration unit is cooled in two 
stages; the heat exchanger is the first stage, and the 
expansion turbine is the second. The flow control 
assembly regulates the flow of bleed air to the unit. The 
bypass valve receives signals from a temperature con- 
trol system and allows a certain proportion of hot 
bleed air to mix with cold conditioned air in order to 
deliver air to the cockpit ас the temperature selected 
by rhe pilot. 
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Figure 2-7. Typical Bleed Air Duct Connection 
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Figure 2-12 shows the location of the refrigeration 
unit, between the intermediate and upper electronic 
compartments. Some parts and connections of the 
refrigeration unit can be reached from the upper 
compartment while others can Бе reached only from 
the intermediate compartment. The unit itself can be 
removed through either compartment opening. 


When working in the electronic compartments, always 
be very careful not to damage the many electronic 
components. Іп some cases, it may be necessary to re- 
move some electronic equipment in order to work on 
the refrigeration unit. 


Heat Exchonger. 


The heat exchanger section of the refrigeration unit 
(figure 2-13) uses ram air from the right boundary- 
layer intake to cool bleed air passing through the 
exchanger. The bleed air first passes through the flow 
Control shutoff valve to the heat exchanger. In the 
heat exchanger, the bleed air passes chrough a system 
of tubes before continuing to the expansion turbine. 
Ram air is conducted across these tubes, absorbs heat 
from them, and is then vented overboard through the 
blower portion of the turbine. 


The cooling capacity of the heat exchanger depends 
on the temperature and rate of flow of the ram air. 
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Figure 2-12. Refrigeration Unit Location and Access Provisions 


Temperature of the ram air increases with airplane 
speed and decreases with altitude. It also varies with 
the weather conditions. Rate of flow of ram air in- 
creases as the speed of the airplane increases. The rate 
of flow, however, does not depend entirely on airplane 
speed since a blower fan, driven by the expansion 
turbine, increases the rate of ram ай flow. This fan 
draws cooling air through the heat exchanger even 
when the airplane is not moving. The cooling capacity 
of the heat exchanger is greatest at low atmospheric 
temperatures and ar higher airplane speeds. 


Cooled engine bleed air leaving the heat exchanger 
is called partially conditioned air. Моге in figure 2-13 
that the manifold which distributes this air is 
positioned across the left end of the heat exchanger. 
This manifold provides "taps," or fittings, which 
supply several of the pressurization subsystems with 
partially conditioned air. These subsystems are de- 
scribed later in Chapter V. 


Тһе temperature and pressure of the "exit" air de- 
pends not only on the cooling capacity of the heat 
exchanger, but also on the temperature and pressure 
of the bleed air as it enters the heat exchanger. Аз 
we have seen, bleed air temperature and pressure 
depend on engine speed, as well as ram air tempera- 
ture and pressure. Wich so many variables it is diffi- 
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cult to say what the temperature and pressure would be. 
Under certain. conditions, bleed air entering the heat 
exchanger: with a temperature of 357°C (675°F) and 
a pressure of 180 to 200 psi might leave the heat 
exchanger with a temperature of 93°C (200°F) to 
107°C (225°F) and a pressure of 75 to 85 psi. Since 
thé heat exchanger has no moving parts, few mainte- 
папсе problems need. be expected. 


Expansion Turbine. 


The air from the heat exchanger is further reduced 
in temperature and pressure by allowing it to expand 
through {һе expansion turbine. You will recall from 
Chapter I that the temperature and pressure of air will 
drop if the air is allowed to expand. The temperature 


and pressure of tbe air leaving the turbine depend | 


üpon the température and pressure of the air leaving 
the heat exchanger, The temperature of the turbine 
exit air will normally be in the —18°C (0°F) to 
5*C (40°F) range, and the pressure will be around 
20 psi. 


In figure 2-14, note that the force or energy of the air 
entering the expansion curbine turns the turbine rotor. 
Моге also that the turbine rotor is mounted on the 
same shaft with the blower fan which it drives. This 
blower fan increases the flow of ram air through the 
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Figure 2-13. Heat Exchanger 


heat exchanger. Тће speed of rotation of the turbine 
rotor and blower fan will vary with the rate of flow 
of bleed air through unit. The speed is greatest when 
the bypass valve is fully closed, and lowest when it 
is fully opened. 


Тһе turbine and blower fan bearings are wick-lubri- 
cated from the small oil reservoir shown below the 
shaft. The turbine and blower assembly is expected 
to have long service life. If periodic inspections reveal 
that the assembly is defective, replace it as a com- 
plete unit. | 


Figure 2-15 is а close-up of the expansion turbine oil 
sight gage. It consists of a glass tube with oil level 
FULL and ADD markings. When the oil level drops to 
the ADD mark, it will take about 20cc of oil to bring 


the level up to the FULL mark. The rotal capacity of 
the reservoir and gage is about 55cc. In filling this 
sight gage and reservoir it is only necessary to remove 
the filler cap shown and add the oil. When the reser- 
voir is to be drained, remove the drain plug shown 
at the bottom of the gage. 


Flow Control Assembly. 


Flow of bleed air to the heat exchanger is controlled 
by a butterfly shutoff valve, operated by pneumatic 
pressure and controlled by an electrical solenoid. Note 
in figure 2-16 that this flow contro! assembly consists 
of a shutoff valve and pneumatic actuator with con- 
necting lines and mechanical linkage. You can see 
this assembly installed on the refrigeration unit in 
figure 2-11. This assembly is replaced as a unit when- 
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Figure 2-14. Turbine and Blower Schematic 


ever it malfunctions or is due for a periodic overhaul 
check. 


In the cutaway illustration (figure 2-17) note that the 
Shutoff valve has a butterfly shutter with a metal seal- 
ing ring in a groove around the circumference of the 
shutter. This ring is similar to the piston rings in a 
gasoline engine. Аз the shutter closes through rotation 
of the shaft, the ring forms a tight seal to prevent the 
leakage of bleed air. 


Тһе air passage in the valve body is much smaller 
downstream (to the right) of the valve than it is up- 
stream. This narrow passage restricts the flow of air 
to a maximum of about 40 pounds per minute. This 
weight of air refers to the total weight of the air 
molecules. When air is compressed, there will be many 
more molecules in a given volume than in the same 
volume of free air. Therefore a given volume of com- 
pressed air will be much heavier than the same volume 
of free air, The valve shaft is connected by mechanical 
linkage to the piston of the pneumatic actuator. 


How the Flow Control Assembly Functions. 


Figure 2-18 shows schematically how the actuator and 
solenoid work together to operate the valve. Моге that 
there are three air chambers in the body of the actuator. 
These are labeled A, B, and C on the diagram. Pres- 
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surized air for operation of the actuator is drawn from 
the valve body upstream (to the left) of the valve 
shutter. This air is distributed to various parts of the 
actuator as shown in the illustration. For purposes of 
identification їп the discussion, various points in the 
air lines are marked by the numbers 1, 2, 5, etc. 


To prevent too sudden a rise in the cockpit pressure, 
it is necessary to modify the opening of the valve to 
limit the flow of air to the cockpit. To provide this 
gradual rise in cockpit pressure, a "rate sensor" unit 
is installed in the cockpit wall to sense cockpit pres- 
sure. This rate sensor controls the opening rate of the 
flow control valve. This rate sensor is connected to the 
flow control assembly at the point marked 2 on the 
illustration. 


The upper section of this illustration shows the sole- 
noid in the deenergized position and the shutoff valve 
closed. The three chambers (A, B, and C) will be pres- 
surized anytime there is bleed air in the supply line. 
The pressure in chambers B and C tends to extend the 
piston, while the pressure in chamber A tends to 
retract it. The pressure forcing the piston to the left 
(extended position) is greater than the pressure forc- 
ing it to the right (retracted position). As a result, the 
piston will be in its left posítion and the valve will 
be closed, since the pressure in chamber A is normally 
greater than the pressure in chamber B. 


О 


> 


аа 


Ав you can see in figure 2-18, this is because there is 
a small flow of air through the restrictor at point 6. 
This air returns to the valve body at point 3 instead 
of going to chamber B, and bleeds off some of the 
pressure that would otherwise be in chamber B, thus 
allowing chamber А pressure to exceed chamber B 
pressure. This difference of pressure tends to force the 
piston to the right, opening the shutoff valve. However, 
as long as chamber C is pressurized the valve will 
remain closed. 


Now, by referring to the lower schematic, you can see 
what happens when the solenoid is energized. In this 
case, the solenoid piston closes the small valve at the 
intake port (point 4) to chamber C, thus cutting the 
chamber off from its source of air pressure. Air in 
chamber C is then vented out through the port ас 
point 5. Since there is no pressure in chamber C, the 
pressure difference between chambers A and B forces 
the actuator piston to the right and opens the shutoff 
valve. So long as the rate sensor remains out of the 
picture, pressure А will be greater than pressure B 
and the valve will stay open. 


However, as cockpit pressure increases, the rate sensor 
senses the increase and drains air from point 2. This 
air, which is no longer available for chamber A, is 
vented from the system at the rate sensor. Since its 
supply pressure is decreased, chamber А pressure drops 
until chamber B pressure exceeds it. The piston is then 
forced to the left and the shutoff valve closes. As cock- 
pit pressure stabilizes, the rate sensor stops draining 
air from point 2 and the pressure in chamber А builds 
up until it exceeds chamber B pressure and the shut- 
off valve again opens. This "open-shut-open" cycle 
continues until che cockpit reaches its regulated pres- 
sure (5 psi over atmospheric pressure). 


One important point to remember about the flow con- 
trol assembly is that the shutoff valve is open only 
when the solenoid is energized. This means that when 
the current to the solenoid is shut off, chamber C will 
be pressurized and will cause the shutoff valve to close. 


This is a “fail-safe” feature which means that a power 
failure would automatically close the shutoff valve and 
prevent possible damage to the air-conditioning system 
and overheating of the cockpit. 


Proper operation of the flow control assembly depends 
upon very precise adjustments. Never attempt to re- 
pair or adjust a defective assembly, but replace it with 
a new one. One problem that you can handle yourself 
concerns the manner in which the rate sensor line 
connects to the actuator. À standard pressure fitting is 
used; however, you must be very careful to make sure 
that no leaks are allowed. Rate sensor connections are 
discussed more fully in Chapter III. 
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Figure 2-15. Expansion Turbine ОЙ Sight Gage 


The principle of electromagnets is applied to the 
simple solenoid shown in figure 2-19. If a metal rod 
or core is partially inserted in the energized solenoid 
coil, the magnetic field will force the core to the center 
of the coil. In the deenergized solenoid (switch open), 
the spring pulls the rod from the coil. 


In the flow-control valve solenoid, the piston moves 
the valve which controls air pressure to chainber С 
of the pneumatic actuator, when current flows in the 
сой. The flow of current is controlled by a rather com- 
plicated electrical circuit, discussed in the next chapter. 


Bypass Valve. 


The motor-operated bypass valve is a very important 
part of the cockpit temperature control system. When 
it receives a signal from the cockpit temperature con- 
trol system, the reversible 4-с motor moves the valve 
butterfly shutter to regulate the flow of bleed air 
through the valve. Since the motor is reversible, it 
can move the valve in either direction and stop it at 
any desired position. The rate of air flow through the 
valve is further controlled by a flow limiter on the 
downstream side of the valve. This flow limiter has an 
opening of slightly less than one-half inch. No adjust- 
ment of the valve should be attempted. Replace it 
with a new unit if it is defective. 
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RAM AIR SUPPLY. 


As the airplane moves forward in flight, air is scooped 
ог "rammed" into the air intakes and distributed by 
ducts to various sections of the airplane. Most of this 
air enters the engine where it is compressed and used 
for combustion or “bled” off as a supply of hot com- 
pressed air for various parts of the low-pressure pneu- 
matic system. The rest of the ram air is used to cool 
and ventilate various electronic compartments ог 
electrical components. 


All ram air enters the airplane through four openings 
or intakes; two of these openings are engine intakes 
and the other two are called boundary-layer intakes. 
The two engine intakes are shown in figure 2-20. 
These intakes are located on each side of the fuselage 
near the forward part of the cockpit and are readily 
visible on the aircraft. 


The boundary-layer intakes, however, are not so easily 
seen. One of these is between each engine intake and 
the fuselage. The two boundary-layer duct systems are 
connected through a short duct section and a check 
valve. You can see in figure 2-20 how the two engine 
intakes join just forward of the engine to form one 
large engine intake duct. Some air from this common 
duct is drawn off to be used for ventilation aad cool- 
ing, while the rest enters the engine. All air from the 
two boundary-layer intakes is used for cooling and 
ventilation. 


Тһе temperature, pressure, and density of this ram air 
varies over a wide range and depends on weather, 
altitude, and airplane speed. Тһе manner in which 
ram air temperatures, pressure, and rate of flow varies 
was discussed earlie: 
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Figure 2-19. A Simple Solenoid 
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Figure 2-22. Right Boundary-Layer Ram Air 
Ducting 


The supply of cooling air is not entirely dependent on 
the forward motion of the airplane, since there are 
several provisions for drawing cooling air into the 
system through the ram air ducts when the airplane 
is stationary on the ground. The blower fan in the 
refrigeration unit draws air in through the right 
boundary-layer intake to furnish cooling air to the 
heat exchanger. A jet pump іп the left boundary ram 
air system creates a reverse flow of cooling air through 
the distribucion ducts connected to the left boundary- 
layer intake. 


HOW RAM AIR IS DISTRIBUTED. 


Ram air entering the boundary-layer air intakes is 
distributed to various parts of che airplane by a system 
of noninsulated aluminum ducting. There are really 
four separate duct systems besides the large engine air 
intake ducts, as seen in figure 2-21. Note that two 
front duct systems receive air from each of the 
boundary-layer intakes and the two aft systems tap air 
from the forward edge of the engine just in front of 
the engine compressor. 


In figure 2-22, you can see that the right boundary- 
layer ducting supplies only the heat exchanger with 
cooling air. After passing through the heat exchanger 
and cooling the engine bleed air, this boundary-layer 
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air is then vented overboard through exhaust ducting. 
The left boundary-layer ducting, shown in figure 2-23, 
distributes cooling air to the forward, intermediate, 
and upper electronic compartments and is also con- 
nected through a shutoff valve to the cockpit con- 
ditioned air ducting. 


One aft duct system taps air from the engine intake 
and conducts it through the a-c and d-c generators, 
after which most of the air is vented into the engine 
accessory compartment. The remainder is conducted 
into the vertical fin to ventilate the IFF unit. The 
other aft system feeds cooling air into the aft 
electronic compartment. The two boundary-layer duct 
systems are connected through a short duct section 
and a check valve. 


Ram air pressure and temperature are only slightly 
higher than atmospheric pressure and temperature; 
therefore, ram air ducting.presents very few mainte- 
nance problems as compared to bleed air ducting. This 
is because ducts expand very little, and also minor air 
leaks are not too important; thus the maintenance of 
duct sections is not a problem. 


FLOW CONTROL OF BOUNDARY-LAYER RAM AIR. 


In comparison to the bleed air system, flow control 
of ram air is relatively simple. There are no valves or 
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Figure 2-23. Left Boundary-Layer Ram Air 
Ducting 
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Figure 2-24. Ram Air Flow Control System Schematic 


regulators in three of the four ram air systems, and 
ram air flow depends only on the forward motion of 
the airplane. The two boundary-layer ram air systems 
are shown in figure 2-24. 


The ducting for the right boundary-layer ram air 
controls the flow of air through the heat exchanger 
and exhausts it overboard. The ducting connected to 
the left boundary-layer intake contains a combination 
pressure regulator and temperature controlled shutoff 
valve. In addition, there is a cockpit ram air shutoff 
valve in the duct leading from the left boundary-layer 
intake ducting to the cockpit conditioned air ducting. 
There is also a check valve in the short duct section 
that connects the left and right boundary-layer ducting. 


The combination pressure regulator and temperature 
controlled shutoff valve shown in the diagram is a very 
important part of the airplane ventilation system. This 
butterfly-type valve is motor operated and solenoid 
controlled. This unit opens and shuts on an electrical 
signal from an electrical air control system. 


А temperature-sensing element in the ducting up- 
stream from the valve causes the valve to close when 
the intake-air temperature exceeds about 71°C (160°F). 
Pressure-sensing elements downstream from the valve 
control the position of the valve to prevent down- 
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stream pressure from being more than approximately 
one psi over atmospheric pressure. 


The cockpit ram air shutoff valve leading to the cock- 
pit conditioned-air ducting is part of the cockpit air- 
conditioning and pressurization system. It is a motor 
operated valve controlled by a switch in the cockpit. 
A landing-gear safety switch causes the valve to close 
automatically whenever the airplane is on the ground. 


The check valve in the duce section connecting the 
right boundary-layer ducting to the left boundary- 
layer ducting is shown in its installed position (figure 
2-25). It is a simple mechanical double-flap type valve 
as you can see in detail А. The valve opens in one 
direction only; that is, air is permitted to flow from 
the left ducting to the right ducting, but not in 
reverse. When the ram air pressure regulator and shut- 
off valve shuts off the ram air flow to the left ducting, 
the flow is diverted through the check valve to the 
right ducting. This increases the flow of cooling ram 
air to the heat exchanger. 


Even when the shutoff valve is open, the flow across it 
is usually restricted to keep the downstream pressure 
from becoming too high. The remaining available air 
from the left boundary-layer intake passes through the 
check valve to increase the flow of cooling air to the 
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Figure 2-25. Ram Air Check Valve and Ducting 


heat exchanger. Since che valve opens in one direction 
only, air cannot flow from the right intake ducting to 
the left. 


This valve is not likely to cause maintenance diffi- 
culties. Even if it should malfunction, it will пос 
greatly affect the operation of the ventilation and cool- 
ing systems, 


SUMMARY. 


In this chapter you have learned the two sources of 
air used in the low-pressure pneumatic system-—engine 
bleed air and ram air. We have followed «һе bleed 


air from the engine compressor through its insulated 
ducts to the refrigeration unit, We have also seen how 
ram air from the right boundary-layer ram air duct 
cools this engine bleed air in the refrigeration unir. 


In addition you learned that the source of cooling air 
for che various electrical and electronic units comes 
from the left boundary-layer ram air duct and from 
two "tap-offs" in the engine air intake duct system. In 
succeeding chapters we will follow the various sub- 
systems that use the straight engine bleed air, partially 
conditioned air, and ram air which you learned about 
in this chapter. 
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Cockpit Air Conditioning and Pressurization System 


Figure 3-1. 
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Chapter ІІ 


COCKPIT AIR-CONDITIONING AND PRESSURIZATION SYSTEM 


Contents 


Description of System .. 


Cockpit Air Distribution System .... 


Control Systems .. 


Maintaining the System .. 


In Chapter І of this manual you learned about the 
tockpit air-conditioning and pressurization system іп 
a general way and without the details. The air sources 
and distribution systems and the refrigeration unit 
were discussed in detail in Chapter II. In this chapter, 
you will learn about cockpit air-conditioning and 
pressurization, how it operates under various condi- 
tions, and what you must do to keep it operating. 


Before we get involved in a detailed discussion of the 
different components and concrol systems, it is best 
that we first fix in our minds how the system operates, 
both while the airplane is on the ground and during 
normal flight, and under other special conditions. 
Individual components and concrols will be fully dis- 
cussed in this chapter. 


DESCRIPTION OF SYSTEM. 


You should remember from previous chapters thar the 
cockpit is supplied with conditioned bleed air from 
the refrigeration unit whenever the engine is running 
and the flow control valve is open. You can see in 
figure 3-1 that conditioned air is conducted to the 
cockpit by ducting and is vented from two “piccolo” 
tubes, one on each side of the cockpit floor. Condi- 
tioned air also enters the cockpit from two canopy- 
heat outlet tubes, one along each edge of the canopy. 
А duct section containing the cockpit ram air shutoff 
, valve connects the left boundary-layer ram-air ducting 
to the cockpit ducting. When the pilot wishes, ram 
air can be used in place of conditioned air to ventilate 
the cockpit. 


ГА cabin air switch (figure 3-2) on the lefr auxiliary 
„instrument panel controls the air flow. When the 
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switch із in PRESS, the flow control valve is open, the 
cockpit ram air valve is closed, and conditioned air 
enters the cockpit. When the switch is in RAM 
position, the flow control valve is closed, the cockpit 
ram air valve is open, and ram air enters the cockpit 
(if the airplane is in flight). 


If the switch is OFF, both valves are closed and all 
cockpit air is shut off. Cockpit air flows from the 
cockpit through a discharge duct to the forward elec- 
tronic compartment where it helps to cool and venti- 
late the electronic equipment. Cockpit pressure is con- 
trolled by the cockpit air pressure regulator in the 
cockpit discharge duct. The cockpit air safety valve 
relieves cockpit pressure by venting air overboard if 
the pressure regulator becomes defective. 


А cabin pressure altitude indicator near the cabin air 
switch shows the cockpit pressure in terms of the 
equivalent altitude in thousands of feet. Cockpit tem- 
perature is regulated by an automatic temperature 
control system consisting of a heat control box, a 
thermostat in the discharge ducting, and another in 
the cockpit supply ducting. The thermostats send 
electric signals to the control box to indicate air tem- 
peratures, and the control box controls the position of 
the bypass valve. The position of the bypass valve 
determines the amount of hot bleed air to bypass the 
refrigeration unit and mix with refrigerated air. 


Тһе proportion of bypass air to refrigerated air deter- 
mines the temperature of the air entering the cockpit. 
A cabin temperature control switch on the utility 
switch panel (figure 3-3) allows the pilot to select any 
temperature he desires between 4*C (40°Ё) and 38°С 
(100°F). 
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Figure 3-2. Cabin Air Switch and 
Pressure Altitude Indicator 


NORMAL OPERATION IN FLIGHT. 


Аз previously noted, conditioned air will flow into (һе 
Cockpit any time the engine is running and the flow 
control valve is open. The temperature of this condi- 
tioned air is automatically held by the temperature 
control system at the temperature selected by the 
pilot. The pressure regulator i in the cockpit discharge 
duct controls the flow of air from the cockpit to the 
forward electronic compartment. 


Below 10,000 #еег altitude the flow is unrestricted; 
therefore, the cockpit 18 unpressurized. Above 10,000 
feet the flow of cockpit discharge air is restricted in 
order to maintain proper cockpit pressurization. On 
the ground, air can flow through the discharge duct 
in either direction. However, when the airplane is 
airborne, air can flow in one direction only; that is, 
from the cockpit to the forward electronics compart- 
ment. 


The cockpit safety valve will remain closed in flight 
unless the pressure regulator is defective and the cock- 
pit pressure becomes too high. In that case, the safety 
valve will open and vent some cockpit air overboard 
to reduce the pressure to a safe level. The safety valve 
automatically opens on the ground. Opening of the 
safety valve on the ground is controlled by the main 
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landing gear safety switch which causes the valve to 
open when the weight of the airplane is on the land- 
ing gear. 


RAM AIR VENTILATION. 


Ram air can be used in place of conditioned bleed air 
to ventilate the cockpit whenever the pilot desires. 
If the refrigeration unit or the temperature control 
system becomes defective or if some other emergency 
occurs, the pilot closes che flow control valve and 
opens the cockpit ram air valve by moving the cabin 
air switch to RAM. At the same time the air safety 
valve opens to vent the cockpit which will chen be 
completely unpressurized. 


Ram air from the left boundary-layer intake duct 
enters the cockpit through the cockpit ducting and 
leaves it through the air safety valve. Little, if any, 
ram air will leave the cockpit through the cockpit 
pressure regulator. Ram air is not available for cock- 
pit ventilation on the ground, even when the airplane 
is moving, since the cockpit ram-air shutoff valve is 
connected to the main landing gear safety switch. This 
switch closes the valve whenever the weight of the 
airplane is on its landing gear. 


When the pilot again wishes to use conditioned bleed 
air for cockpit air conditioning, he moves the cabin 
air switch то PRESS. The flow control valve then 
opens and the safety valve closes. If the flow of bleed 
air were unrestricted, cockpit pressure would increase 
much too fast for pilot comfort. The rate sensor 
senses the rate of cockpit pressure buildup and regu- 
lates the opening of the flow control valve to keep the 
rate at a comfortable level. Cockpit pressure must not 
be allowed to increase faster than 4 psi per minute. 


OPERATION DURING ARMAMENT FIRING. 


Тһе burning of fuel іп the motor of a rocket ог mis- 
sile creates a large cloud of highly corrosive dust and 
debris. If chis dust were allowed to enter the cockpit 
or the electronic compartments, serious damage could 
result. Perhaps the most immediate danger is the possi- 
bility that dust in the cockpit might reduce the pilot's 
visibility at a critical moment. 


These dangers are avoided in «һе F-102A by means 
of an air control timer in the armament system. When 
the armament bay doors open, a door actuated switch 
sends a signal to the air control timer. The timer in 
turn sends signals to both the bleed air flow control 
valve and the ram air pressure regulator and shutoff 
valve, causing them both to close. This cuts off all 
air to both the cockpit and the electronic compart- 
ments except the aft electronic compartment and the 
ІЕЕ unit. 


After the armament is fired and the doors close, the 
switch again signals the timer. Three or four seconds 
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after receiving the signal, the timer signals the flow 
control valve and the ram air pressure regulator and 
shutoff valve. The pressure regulator and shutoff valve 
always opens; however, the flow control valve opens 
only if the cabin air switch із ас PRESS. Since the 
flow control valve had shut off all air to the heat 
exchanger, those subsystems that tap air from the heat 
exchanger will also be shut off. 


In addition, the canopy seal, which also uses air from 
the heat exchanger, is not pressurized during arma- 
ment firing and cockpit air leaks overboard, thus 
causing cockpit pressure to drop. When the flow 
control valve is again opened, the rate sensor regulates 
its opening to keep the cockpit pressure from building 
up too fast. 


‘OPERATION ON THE GROUND. 


The cockpit air-conditioning system functions in the 
same manner on the ground, when the engine is run- 
ning, as it does when the airplane is airborne. Тһе only 
: difference is that the cooling capacity of the heat ex- 
changer will be lower and a minimum amount of bleed 
air will mix with conditioned air. The cockpit is not 
pressurized on the ground. 


| When the engine is not running, a ground air-condi- 
tioning unit can be attached to a fitting in the nose 
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Figure 3-3. Cabin Temperature Control Switch 


wheel well. This ground unit furnishes conditioned air 
which is distributed co the forward, intermediate, and 
upper electronic compartments. Some of this condi- 
tioned air flows through the cockpit discharge duct to 
air-condition the cockpit. If the canopy is closed, this 
air leaves the cockpit through the safety valve. 


COCKPIT AIR DISTRIBUTION SYSTEM. 


Conditioned air from the refrigeration unit flows to 
the cockpit through uninsulated aluminum ducting. 
Тһе main duct sections are about two inches in diam- 
eter and are joined in the same manner as the hot bleed 
air ducting described in Chapter П. Аз you can see in 
figure 3-4, the cockpit air ducting connects to the refrig- 
eration unit at the expansion turbine exhaust. The duct- 
ing then travels forward and into the cockpit where 
air is vented through holes in two “piccolo” tubes. 


A piccolo tube is a section of aluminum ducting with a 
row of outlet holes. One tube is along each side of the 
cockpit floor. As you can see, there are other cockpit 
air outlets along each edge of the canopy. These out- 
lets are called canopy-heat outlets and are built into the 
canopy. The canopy-heat tubing is connected to the 
cockpit air ducting only when the canopy is closed. 
Aluminum ducting from the left boundary-layer ram 
air distribution system connects to the cockpit air duct- 
ing near the refrigeration unit. 
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Figure 3-4, Cockpit Air Distribution System 


When the pilot desires, ram air can be used in place of 
conditioned аїг for cockpit ventilation. Cockpit air 
ducting should give little trouble and minor leaks be- 
tween duct sections are unimportant, You must be care- 
ful, however, not to block any of the piccolo tube 
outlets. 


CONTROL SYSTEMS. 


Three different but intermeshing systems control the 
operation of the cockpit air-conditioning and pressur- 
ization system. Тһеу are the flow control system, the 
temperature control system, and the pressure control 
system. Since some components affect both air flow and 
air temperature or pressure, it із sometimes difficult 
to separate their different functions. In this section we 
will first completely describe each system and its over- 
all operation, and then we will describe the individual 
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components. Some components will be discussed under 
more than one control system. 


Тһе cockpit air flow is controlled by a system of valves 
and regulators. To simplify the discussion we will 
divide the control system into two parts. One part con- 
trols the flow of air into the cockpit and the other part 
controls the air leaving it. Remember throughout the 
following discussion that the flow control system works 
in conjunction with the temperature contro) and pres- 
sure control systems, and at the same time. 


AIR INPUT FLOW CONTROL SYSTEM. 


Тһе flow of air into the cockpit is controlled and regu- 
lated by two shutoff valves, one bypass valve, and one 
Combination pressure regulator and shutoff valve. In 
addition, a cockpit air shutoff valve is installed in some 
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Figure 3-5. Cockpit Air Input Control System 


early airplanes. This valve is electrically maintained in 
the open position on early airplanes, and will not be 
found on later ones. 


Тһе locations of these five components are shown іп 
figure 3-5. The cockpit ram air valve and the bypass 
valve are controlled electrically. The flow control valve 
is also controlled electrically, except that the rate sensor 
varies the opening rate. The pressure regulator and 
shutoff valve is controlled in several different ways іп 


; addition to its electrical controls, 


If you look at the schematic wiring diagram, figure 3-6, 
you will be able to follow the description of the system. 
Тһе diagram shows all switches, valves, and relays in 
the position they would be in during normal airbórne 
operations when conditioned bleed air is being used for 
cockpit air conditioning, and ram air is being used for 
electronic compartment ventilation. In this condition, 
the ram air regulator and shutoff valve and the bleed 
air flow control valve are both open, while the cockpit 
ram air valve is closed. 


Ram Air Pressure Regulator and Shutoff Valve. 


'The most complicated single component of the control 
system is the ram air pressure regulator and shutoff 
valve. This is the main valve that controls the flow of 


all ram air that enters the airplane through the left 
boundary-layer intake. It is not only the most compli- 
cated single component, but its excernal controls are 
also the most involved. 

“Since ram air is used for electronic ventilation all the 
time, and for cockpit ventilation only part time, the 
unit itself will be completely discussed in the following 
chapter on the electronic compartment ventilation sys- 
tem. А$ а rule, the valve will be open, or partially open, 
whenever there is current to its solenoid and motor, and 

ху be closed whenever the current is interrupted. 


The unit itself has a complicated pressure and tempera- 
ture sensing system that will interrupt the current under 
certain conditions. In this chapter we will cover the 
system controlling the flow of current to the unit, How 
the unit is controlled once the current reaches it will 
be discussed in the next chapter. 


Current to the unit comes from the 28-volt d-c essential 
bus. If you trace the circuit in figure 3-6 you can see 
that current passes through three separate switches 
before it reaches the regulator and shutoff valve. The 
diagram shows all circuits in the closed position. As 
you can see, the current passes through the cabin air 
control circuit breaker to contact number 4 on the 
cabin air relay. It then passes through the switch to 
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Figure 3:6. Cockpit Air Input Control Schematic 
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contact 5 and continues to connection С оп the throttle 
position switch. From there it goes to contact 7 and 
through the switch to contact 6 on the ground cooling 
relay. It then passes through terminals E and D on the 
air control timer before continuing to connection А 
on the ram air regulator and shutoff valve. 


‘The current сап be interrupted by opening any one of 
чће three switches, each of which is controlled by а 
relay. The cabin air relay opens the switch between 
contacts 4 and 5 whenever the main landing gear safety 
‘switch is closed. This safety switch is closed when the 
weight of the airplane is on its landing gear. The cabin 
air relay gets its power through the cabin air control 
circuit breaker when the safety switch closes the relay 
circuit to ground. 


When the ground cooling relay is energized, it breaks 
the circuit by opening the switch between contacts 6 
and 7. The ground cooling relay is energized when the 
'engine oil pressure drops and allows the oil pressure 
Switch to close and connect the relay to the 28-volt d-c 
essentíal bus through the oil-pressure-low warning cir- 
cuit breaker. The third and last control switch is in the 
air control timer between connections E and D. This 
switch is opened by a relay which is energized when 
the armament bay doors open, and is de-energized sev- 
eral seconds after the doors close. 


From the above discussion you, can see that there will 
always be power at connector A on the regulator and 
shutoff valve whenever the airplane is in flight, there 
is engine oil pressure, and the armament bay doors are 
closed. Power will be cut off when the airplane is on 
the ground, when there is no engine oil pressure, or 
when the armament bay doors are open. There is one 
exception to this rule. The ram air regulator and shutoff 
valve must be open on the ground when the jet pump 
is to be used for ventilating the electronic compart- 
ments, 


Since the ground safety switch prevents the regulatoc 
and valve from receiving its power through the switch 
between contacts 4 and 5 on the cabin air relay, other 
arrangements are necessary. If the engine is running, 
normal oil pressure, and the throttle is at IDLE, cur- 
rent for the ram air regulator and shutoff valve comes 
through the cabin air control circuit breaker to contact 
4 on the cabin air relay, and through the energized 
switch to contact 3. From there it goes to connection B 
on the throttle position switch and through the switch 
to connection С, The current then flows to connection 
7 on the ground cooling relay which will be in the 
position shown if chere is engine oil pressure. The cur- 
rent chen continues on through the air control timer to 
the regulator and shutoff valve. 


From the above discussion, you can see that the regu- 
lator and shutoff valve will be opes on the ground 
even though the safety switch is closed, ¿f the engine 
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is running and has normal oil pressure, and 2) the 
throttle is in the IDLE position. 


Proper operation of this system depends on many 
things. The system will not operate if power is not 
connected to it. If there is no power, you should first 
check to see that the airplane electrical system is func- 
tioning, and that the 28-volt d-c essential bus is ener- 
gized. Next check the cabin air circuit breaker on 
the aft cockpit circuit breaker panel on the left side of 
the cockpit. This is a push-button type of breaker that 
"pops" out if the circuit becomes overloaded. If you 
push this button in, the circuit should be energized. You 
will find procedures and methods used to test electrical 
control systems at the end of this chapter. 


Bleed Air Flow Control Valve. 


Тһе bleed air flow control valve is the most important 
single valve in. che low-pressure pneumatic system. It 
controls che flow of bleed air to the refrigeration unit. 
When it is closed, partially-conditioned air is not avail- 
able for the four pressurizations subsystems or for the 
canopy de-fogging system. Its main effect when closed, 
however, is to shut off the flow of conditioned air to 
the cockpit. As you learned in Chapter II, the valve is 
pneumatically actuated and solenoid controlled. It will 
operate only when the engine is running and М; bleed 
air is available. 


Тһе operation of the valve and its actuator was com- 
pletely discussed in Chapter П. To put the matter 
briefly, the valve will be open when the solenoid is 
energized and closed when it is deenergized. Аз you can 
see in the system schematic (figure 3-6) the control of 
current to the flow contro] solenoid is much less com- 
plicated than the control of current to the ram air regu- 
Jator and shutoff valve. Current flows from the 28-volt | 
4-с essential bus, through the cabin air circuit breaker, 
to the cabin air switch. If the switch is at PRESS, cur- 
rent flows through the switch to connection B on the 
air control timer. From B, current flows through the 
switch to А, and from there to the solenoid. 


Тһе flow of current can be broken at either the cabin air 
switch or the switch in the air control timer. The relay 
in the air control timer opens the switch between А 
and B when the armament bay doors open and close it 
several seconds after the doors close. The flow control 
valve will be open any time the engine is running, the 
cabin air switch is at PRESS, and the armament bay 
doors are closed. "Тһе rate sensor controls the opening 
rate of the valve to prevent cockpit pressure from build- 
ing up too quickly. The rate sensor is discussed later in 
this chapter in the section on cockpit pressurization 
control. 


Proper operation of the flow control valve and its con- 
trol system depends upon several things. First, power 
must be available; if it is not, you must check the power 
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Figure 3-7. Cockpit Circuit Breaker Panel 


supply and «ће position of the circuit breaker. Other 
procedures for testing electrical control systems will 
be found at the end of this chapter. 


Cockpit Ram Air Valve. 


Тһе cockpit ram air valve is a motor-operated valve 
controlled by the cabin air switch and the main 
landing gear safety switch. You can see (figure 3-5) 
that the valve controls the flow of ram air into the 
cockpit distribution ducting zf the ram air regulator 
and shut-off valve is open. Note also in the electrical 
schematic (figure 3-6) that the cabin air switch has 
three positions: RAM, PRESS, and OFF. In the RAM 
position, the cockpit ram air valve is open. In the 
PRESS position, the bleed air flow control valve is 
open. In OFF, both valves are closed. Both of these 
valves cannot be open at the same time. 


The cockpit ram air valve is also controlled by the land- 
ing gear safety switch and will always be closed when 
the airplane is on the ground. As shown in figure 3-8, 
the valve is a simple butterfly type which is opened and 
closed by a reversible d-c motor. Note the position indi- 
cator on the side of the motór. This will help you when 
you test the valve. The armature of the motor is con- 
nected, through reduction gears, to the valve shutter. 


50 


How a Reversible Motor Operates. 


By a reversible d-c motor, we mean that the motor can 
be made го rotate in either direction. The direction of 
rotation of a d-c motor depends upon the direction of 
the magnetic field and the direction of the current 
through the armature, The magnetic field of a d-c motor 
is created by a current-carrying coil of wire around a 
metal core or pole piece. When d.c current flows 
through the coil a magnetic field is created in the core. 
The direction of the field depends upon the direction 
of current (flow of electrons) through the coil. If you 
reverse the current, the field will also reverse. This is 
the same principle you learned in the previous chapter 
when we discussed solenoids. 


Another electrical principle, figure 3-9, states that if a 
conductor is placed in a magnetic field and electrons 
allowed to flow through the conductor, the conductor 
will be forced from the field. In а motor, many conduc- 
tors aré mounted on an armature, and the sum of all 
the force exerted on the conductors is the total force 
exerted on the armature to cause it to rotate. The direc- 
tion the conductor or armature moves depends upon 
both the direction of the magnetic field and the direc- 
tion of electron flow in the conductor. If either the field 
or the current in the conductor is reversed, the direction 
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the conductor will take when being forced from the 
field will also reverse. However, no change will take 
place if the direction of both the field and the current 
із changed. 


In this case, the electric motor has a split field. The 
wiring of this motor is shown schematically in figure 
3-10. You can see that the coil or field winding. is 
divided into two parts. Only one part is used at a time. 
If the switch is thrown to one contact, current will flow 
through half of the coil, through the armature to the 
ground, and thus cause the armature to rotate. If the 
Switch is thrown to the other contact, the other half of 
the coil will be used. The field will be in another direc- 
tion but the current through the armature will be in 
the same direction, so the direction of armature rota- 
ition will change. 


When the valve is all the way closed, a limit switch 
inside the motor will open the c/ose field coil circuit to 
prevent a continuous flow of current through the 
motor. If current is applied to the орем field coil (You 
сап see this arrangement if you refer to the wiring 
schematic, figure 3-6.) the motor will turn until the 
limit switch opens the field coil circuit. 


When the cabin air switch is not in RAM, current is 
supplied to the c/ose field at connection B. This cur- 
rent flows through the cabin air control circuit breaker 
to contact 2 on the ram air relay, and through the 
switch to contact 3, From 3 the current goes to connec- 
tion B on the ram air valve motor. When the cabin air 
switch is in RAM, the control between 2 and 3 on the 
гага air relay is broken, and 2 is connected to 1. From 
1 the current flows to contact 7 on the cabin air relay, 
through the switch to contact 8 and from there to con- 
nection C on the motor. This is the ореп field connec- 
tion; the valve will move to the full open position, and 
then the limit switch will break the circuit. 


Тһе landing gear safety switch causes the cabin air 
relay to actuate when the airplane is on the ground. 
Тһе valve open circuit will be broken between contact 
7 and 8 current will flow from contact 7 to contact 
6 and from there to connection B on the motor. The 
valve will then close and the limit switch will break 
the circuit. 


Maintaining the Valve. 


Proper operation of the cockpit ram air valve and its 
controls depends on several things. If there is trouble 
in the circuit, check the power source and the circuit 
breaker. Procedures for checking an electrical circuit 
will be found at the end of the chapter. The valve and 
motor itself can be checked by removing it from the 


' system and applying 28-volt d-c current to the proper 


contacts and observing rhe movement of the shutter 
as shown by the position indicator (figure 3-8). Be 
sure to connect the negative side of the power supply 
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Figure 3-8. Cockpit Ram Air Valve 


to connection B or C. Connect the positive side to E. 
ТЕ the unit is defective, it must be replaced. 


Proper operation of this valve is especially important 
since the cockpit cannot be pressurized unless this valve 
is firmly closed. Any leaks in the closed positions will 
make it almost impossible to maintain the cockpit at 
the desired pressure level. 


Cockpit Air Valve. 


The cockpit air valve is found on only a few early 
models of the Е-102А airplanes. Its location in the 
cockpit air distribution systems was shown in figure 
3.5. Тһе valve is a butterfly-shutter type controlled by 
a reversible d-c motor, and is almost identical with the 
cockpit ram air valve. If you find this valve installed 
in a particular airplane, it should not be operated and 
must always be in the open position. Check the position 
indicator during inspections to be sure the shutter is 


open. 


The close field motor circuit must тог be connected to 
power, and the open field must be connected directly 
to power to make certain that it will remain open. If it 
should become fully or even partially closed, it will 
shut off or seriously interfere with the entire cockpit 
air conditioning and pressurization system. Make cer- 
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Figure 3-9. Current-Carrying Conductor in a Magnetic Field 


tain that the motor terminals are connected as shown 
in the wiring diagram, figure 3-6. The valve should 
cause no difficulty, but if it should cause trouble replace 
it with a short length of plain ducting. Consult your 
maintenance chief for instructions on how to proceed. 


Bypass Valve. 


Тһе bypass valve controls the amount of hot bleed air 
which mixes with the expansion turbine discharge air 
before entering the cockpit. Its main purpose is to 
regulate cockpit air temperature. It is a part of the 
refrigeration unit, and was discussed in Chapter II. 
This valve and its control system will be covered in the 
next section of this chapter. It is mentioned here 
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Figure 3-10. Simplified Schematic of a Split-Field 
Reversible D-C Motor 
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because the total flow of air to the cockpit varies with 
the valve setting. 


The maximum flow of air through the heat exchanger 
is 25 pounds per minute. Алд, if the bypass valve 15 
closed, that will be the maximum air flow to the cock- 
pit. If the bypass valve is fully open, the maximum flow 
is increased to 40 ppm which is the maximum per- 
mitted through the bleed air flow control valve. 


Relays. 


"There are three relays in the cockpit air input control 
circuit. Other relays will appear later when we discuss 
other control systems. А relay is a simple adaptation 
of an electromagnet, or nothing more than an electro- 
magnetic switch. There are many different types, but 
they al! work on the same principal as the simple relay 
shown in figure 3-11. 


When current flows through the coil in a relay, the iron 
core becomes magnetized, causing the plate above it to 
be pulled down. Note that the plate is hinged on one 
end and suspended by a spring. A strip of iron on the 
lower surface of the plate contacts the iron core of the 
magnet. The plate itself is a nonconductive material. 
At the other end of the plate is a set of contact points. 


Note that the relay in figure 3-11 has only one set 
of points. Some relays have several sets, depending 
upon the application. When the electromagnet is ener- 
gized, the contact points close, completing a circuit. 
This type of relay is a normally-open relay. Other relays 
have contact points which close when the current to the 
electromagnetic coil is off (normally-closed relay) and 
open when the coil is energized. Some relays are a com- 
bination of the two types mentioned. 


Тһе three relays illustrated in figure 3-6 are all in the 
intermediate electronic compartment, are well marked, 
апа should be replaced when defective. Do not try to 
adjust them. 


Oil Pressure Switch. 


The oil pressure switch is a diaphragm-type that opens 
а contact when the engine oil pressure reaches its 
proper level, and closes che contact when the pressure 
drops. The switch does two things: first, it causes a 
warning light in the cockpit to light if oil pressure is 
low; and second, it controls the flow of current to the 
ground cooling relay. This second function has already 
been discussed. 


Ав you can see in figure 3-12, the oil pressure switch 
is mounted on the left side of the engine. It is completely 
discussed in another supplement of this series which 
covers the power plant. When the airplane is on the 
ground and the engine is not running, there is power 
to che 28-volt d-c essential bus, and the oil pressure 
low warning circuit breaker is closed, the warning 
light will be lit. 


COCKPIT AIR DISCHARGE CONTROL SYSTEM. 


The flow of air from the cockpit is controlled and 
regulated by a pressure regulator and a safety valve. 
Ав you can see, (figure 3-13), air leaves the cockpit 
through the cockpit discharge duct and the cockpit 
safety valve. The pressure regulator, installed on the 
cockpit floor between the rudder pedals, automatically 
controls the flow of air from the cockpit to regulate 
cockpit air pressure. The safety valve is really another 
regulator with a slightly higher pressure setting. If the 
pressure regulator becomes defective, the safety valve 
vents cockpit air overboard to prevent too high a 
pressure. 


The complete operation of these two components will 
be completely discussed in another section of this chap- 
ter on cockpit pressurization control. Each of these 
components sense cockpit and outside air pressure in 
order to regulate the air flow. Both the regulator and 
the safety valve have pressure sensing lines and each 
has а solenoid-controlled shutoff valve in one of the 
lines. It is those shutoff valves we will discuss here. 


In figure 3-13, note that the pressure regulator has a 
sensing line connected to the discharge ducting. There 
is a check valve and a solenoid-controlled shutoff valve 
in this line. Тће check valve allows air to flow from 
the ducting to the regulator control chamber, but pre- 
vents a reverse flow. When air flows to the control 
chamber through this line, the regulator will close and 
prevent air from flowing from the forward electronic 
compartment to the cockpit when the pressure in the 
ducting is higher than cockpit pressure. 


' The shutoff valve is open whenever the airplane is in 


the air. When the airplane is on the ground, the land- 
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Figure 3-11. A Simple Relay 


ing gear safety switch causes the shutoff valve to be 
energized, thus closing the valve. This allows air to 
flow from the forward electronics compartment to 
the cockpit when a ground air conditioner unit is venti- 
lating the electronic compartments. This control circuit 
is shown in figure 3-14. 


Note that the solenoid is not connected to power unless 
the landing gear safety switch is closed (G-E), thus 
energizing the cabin air relay and closing the switch 
between contacts 12 and 13. The solenoid will deener- 
gize and the valve will open any time electrical power 
is cut off, either at the relay or at the source. The sole- 
noid-controlled valve is a very simple type in which 
the valve is connected directly to the solenoid core or 
actuating piston. If it causes difficulty, replace it. 


Operation of the shutoff valve in the safety valve sens- 
ing line is very similar to that of the valve described 
above. This is a solenoid-controlled valve that is closed 
when the soleneid is deenergized. When the shutoff 
valve is open, the safety valve control chamber is vented 
to atmosphere and the safety valve will open to relieve 
Cockpit pressure. The solenoid is controlled by both the 
cabin air switch and the landing gear safety switch. 
When the airplane is іп the air and the cabin air switch 
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Figure 3-12. Oil Pressure Switch 


is not in RAM, the valve is closed. In figure 3-14, you 
can see how the solenoid valve is energized. 


ТЕ the cabin air switch is in RAM, the ram air relay 
will energize and close the switch between contacts 1 
and 2. Power can then flow from the 28-volt 4-с essen- 
tial bus, through contacts 1 and 2 and on to the sole- 
noid. On the ground the solenoid will be energized and 
the valve will be closed regardless of the position of 
the cabin air switch. When the cabin air relay is ener- 
gized on the ground by the safety switch, the switch 
between contacts 6 and 7 will be closed. If the cabin 
air switch is пог at RAM, current will flow through 
contacts 2 and 3 on the ram air relay and then continue 
through contacts 6 and 7 on the cabin air relay before 
reaching the shutoff valve solenoid. This valve and its 
control solenoid should also be replaced if it is defec- 
tive, Tests required to locate defects in this system are 
discussed later in this chapter. 


COCKPIT TEMPERATURE CONTROL SYSTEM. 


As previously shown, cockpit temperature is regulated 
by an automatic temperature control system consisting 
of a heat control box, a thermostat in the discharge 
ducting and another in the supply ducting. The ther- 
mostats send signals to the control box to indicate air 
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temperatures, and the control box in turn controls the 
flow of current to the reversible d-c motor that actuates 
the bypass valve. 


The position of the bypass valve determines the amount 
of hot bleed air chat bypasses che refrigeration unit and 
mixes with refrigerated air. Аз you know, the propor- 
tion of bypass air to refrigerated air determines the 
temperature of air entering the cockpit. Figure 3-15 
shows the components of the system in their relative 
locations in the airplane. 


HOW THE SYSTEM OPERATES. 


You know from our previous discussions that the func- 
tion of the temperature control system is to regulate the 
flow of hot bleed air through the bypass valve. It does 
this by automatically sensing the temperature of сосК- 
pit inlet and discharge air, and energizing one field 
winding or the other of the bypass valve d-c motor. 
Тһе d-c motor is a reversible, split-field type similar to 
the cockpit ram air valve motor discussed earlier. A 
brake on the motor locks the valve in position when 
the motor is deenergized. The electrical schematic of 
the temperature control system is shown in figure 3-16. 
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Figure 3-13. Cockpit Air-Discharge Control 
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Figure 3-15. Cockpit Temperature Control System Components 


Тһе schematic has been simplified by removing some 
of its resistors. Some of these resistors are adjustable so 
thar minor adjustments can be made. Never attempt to 
adjust these resistors in the airplane. For the exact loca- 
tion of these resistors and the procedure to be followed, 
refer to the maintenance manual, Т.О. 1F-102A-2-6. 


'The four main units of the system are the valve and 
its d-c reversible actuating motor, the two mercury- 
column type thermostats, and the heat control box. The 
heat contro! box contains three relays, a manual tem- 
perature selector switch, and various resistors. The 
control knob, marked CABIN TEMPERATURE CON- 
TROL, on the selector switch is on the pilot's utility 
switch panel. 'The heat control box is mounted directly 
behind this panel. The knob is connected to the three 
switches and che temperature selector rheostat. 


When the knob is in the automatic range, the automatic 
temperature control system is operating and will regu- 
late che temperature according to the position of the 
knob within the range. When the knob is at MANUAL 
HOT or MANUAL COLD, the automatic part of the 
system is disconnected and the MORE HEAT or LESS 
HEAT field winding of the motor is connected directly 
to power. The manual positions are spring-loaded, and 
the switch will move to a position between AUTO and 
MANUAL when it is released. All power to the motor 


is cut off in this position and the valve will remain 
where it was when the switch was released. 


Since it takes about 10 seconds for the valve to go from 
full ope to full closed, the manual switch may be 
rapidly turned on and off to make small adjustments їп 
the valve position. 


When the selector switch is in the automatic range, 
either of the two field windings on the motor сап be 
connected со power through a series of switches on the 
three relays. You can see in figure 3-17 that current to 
the MORE HEAT winding must pass through four 
switches. One switch is controlled by each of the three 
relays, while the other is controlled manually by the 
temperature selector switch. Current to the LESS HEAT 
winding passes through two switches, one controlled 
by the LESS HEAT relay and the other by the manual 
temperature selector switch. Only one of the field wind- 
ings is energized ar a time. The flow of current to che 
field windings is controlled by the position of the 
switches which are in turn controlled by the relays. 
'The relays are controlled by the level of the mercury 
column in che thermostats which depends in turn on 
the temperature of the air in the ducts and the amount 
of current in the thermostat heater windings. 
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Figure 3-17. Field Winding Circuits of a Bypass Motor 


The heater windings are used to increase the speed аг 
which the mercury columns respond. Current со the 
heater windings depends upon swirches controlled by 
the three relays and upon the position of the tempera- 
ture selector rheostat. The heater winding circuits are 
illustrated in figure 3-18. These circuits, and the ones 
in figure 3-17, are taken from the main electrical schem- 
atic, figure 3-16. 


Тһе switches and relays will be in che positions shown 
when the selector switch is in the automatic range, the 
inlet chermostat registers under 82°C (180^F), and the 
discharge thermostat registers under 60°C (140*F). The 
(теіау coil for the cockpit air relay is energized when 
the mercury column in the discharge duct thermostat 
reaches 82°C (180°F), thus completing the relay circuit, 
through the mercury column, to ground. The relay and 
its switches are shown in the deenergized position, 


The MORE HEAT relay is always energized when the 
inlet duct thermostat registers less than 82°С (180^ F). 
When the column of mercury reaches 180°F, the MORE 
HEAT relay is shorted to ground and the relay is de- 
energized. When the inlet thermostat registers 93*C 
(200°F), the LESS HEAT relay will be energized. 


When conditions are stabilized the system modulates, 
or fluctuates, around the 140^F mark on the discharge 
duct thermostat and che 180*F mark on the inlet duct 
thermostat. The bypass valve will move toward the 
open or MORE HEAT position only when the discharge 
thermostat is below 140°Ё at the same time the inlet 
thermostat is below 180°F. The bypass valve will move 
toward the closed ог LESS HEAT position only when 
the inlet thermostat reaches 200*F. 
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Figure 3-18. Yhermostat Heater Circuits 


60 


DISCHARGE 


DUCT THERMOSTAT 


INLET DUCT 
THERMOSTAT 


HEATER 
WINDING 


HEATER 
WINDING 


Even when the air temperatures are constant, (һе ther- 
mostat readings will vary because the thermostats аге 
heated not only by hoc air but by the electric currenc 
through the heater windings. This current is not con- 
stant so the thermostat readings will not be constant. 
Figure 3-18 is a schematic of the circuit that controls 
current to the discharge thermostat heater winding. 
When the thermostat is below 140 F, the switch across 
7 and 8 is closed and the resistors are in parallel; that 
is, R, is in parallel with R, and the rheostat (variable 
resistor). In this case the effective resistance of the сїг- 
cuit is low and the current to the winding is high; 
therefore, the mercury will rise faster. 


Тһе exact rate and extent of the mercury rise is depend- 
ent on the position of che cheostat. When the mercury 
reaches 1409Е, the cockpit air relay is energized, 
the switch across 7 and 8 is broken, resistor R4 is 
removed from the circuit and the effective resistance of 
the circuit is increased. This sharply reduces the current 
in che heater winding, the mercury will fail below 
140°F, the switch across 7 and 8 closes, the effective 
resistance decreases and the mercury rises again. The 
mercury will fluctuate continually around 140°F. 


If the rheostat is turned to the COLD side (removing 
resistance) the mercury will climb faster and will go 
further pasc the [40°F mark. The mercury will spend 
more time ас 140°F, or higher, chan it does when the 
rheostat is centered or at the HOT side (adding resist- 
ance). 


The heating circuit for the inlet thermostat is shown 
at the lower section of figure 3-18. When the inlet 
thermostat is under 180: F and the discharge thermo- 
stat is under 140^ F, the switch across contacts 4 and 3 
on the MORE HEAT relay and the switch across 4 and 
5 on the LESS HEAT relay will be closed. The switch 
across 7 and 6 on the cockpit air relay will be open. 


At this time, the effective resistance will be very low 
and rhe heater сиггепс will be highest; thus, the mer- 
сигу will be driven up. When it reaches 180°Е, the 
switch across 4 and 3 will open and resistor К, will be 
the sole path for current flow. The effective resistance 
is increased; therefore, the heating current is reduced. 
The mercury will fall below 180^F, the current will 
increase driving it back up to 180°F, and the cycle will 
be repeated. This means that the mercury level will 
fluctuate around 180*F. However, if the discharge 
thermostat reaches 1407Е, the switch across 7 and 6 
on the cockpit air relay will close, and resistors R4 and 
К, will be in parallel. The effective resiscance of these 
two resistors in parallel is much less than the resistance 
of Ra by itself. 


This reduction in resistance will allow an increase of 


‘heating current, between 180’ and 200°F, driving 


the mercury furcher toward the 200°F mark. When the 
200%Е mark is reached, the switch across 4 and 5 оп 
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the LESS HEAT relay will open and remove all cur- 
rent from the winding until the mercury again falls 
below 200°F. When the discharge thermostat is аг 
140°Е or higher, the inlet thermostat will tend to 
fluctuate around the 200°F mark. When the discharge 
thermostat is below 140°F, the inlet thermostat rends 
to fluctuate around the 180^F mark. 


Тһе heater circuit never furnishes enough heat by itself 
to drive the mercury to 180° or 200°F; che air itself 
furnishes most of the hear. If the air in the inlet duct 
stays at a low temperature, the inler thermostat will 
never reach 200°F and possibly will not reach 180°F. 


It still may not be clear just how a movement of the 
temperature selector switch causes the bypass valve to 
move, Referring to figure 3-6 as you read the following 
discussion, should better enable you to understand the 
system. First, assume that conditions are stable and the 
selector switch (and rheostat) have been in one position 
for some time. The valve may not be at a fixed position, 
but will probably be making small fluctuations or 
movements in both directions about а control point. 
Effectively, the valve is in a steady condition. If the 
Cockpit air temperature should fall, allowing the inlet 
thermostat to fall below 180°Е and the discharge 
thermostat to fall below 140°F, the MORE HEAT 
winding will be energized to move the valve toward 
the open position. When the thermostats again reach 
180°Е and 140“Е, the valve will fluctuate around a new 
control point. Now let us assume that rhe air tempera- 
ture is constant, but the pilot decides he is too hot and 
wants less heat. He will turn the selector switch to the 
left. This reduces the rheostat resistance in the circuit. 
More current will flow to the discharge thermostat 
heater winding and the mercury will hit 140°F and 
stay there for a longer period of time. Ас 140°F, che 
Cockpit air relay opens and breaks the switch ас contact 
4 and 5. This positively removes power from the MORE 
HEAT motor winding. 


To make the valve move toward the closed or LESS 
HEAT position, the inlet thermostat must reach 200°F, 
Ас this position, the less heat relay will energize and 
close the switch across contacts 7 and 6 to energize the 
less heat field winding. To make the thermostat reach 
200*F, more current must be applied со che heater wind- 
ing. Ordinarily, there is no difficulty in reaching 180°F, 
since there is а full current flow in the heater winding. 
Above 180°F, the current is reduced. 


The current іп the winding, when the thermostat is 
above 180°F, will be increased if the discharge thermo- 
stat is above 140°F. This will drive the mercury to 
200°F, thus causing the valve to move toward the closed 
position. Since moving the selector switch to the left, 
or COLD, side causes the discharge thermostat to rise 
to 140°F, it follows then that moving the switch to the 
COLD side will cause the valve to move toward the 
closed position. As soon as this results in cooler air 
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Figure 3-19. Cockpit Temperature Control Thermostats 


going through the system, both thermostat readings 
will drop and the system will stabilize around a new 
control point, 


Thermostats. 


Тһе two mercury thermostats are essentially mercury 
thermometers. The main difference is the platinum 
wire contacts inserted into the center of the thermostat 
at two or more places. These contacts provide a cur- 
rent-carrying junction in the electrical circuit. The 
junction is closed and the circuit is completed only 
when the mercury touches both contacts. Since the 
height of che mercury column varies with the tempera- 
ture, the thermostats act as thermal off-on switches. The 
only difference between the two thermostats is in the 
number and position of the platinum contacts. Little 
trouble should be expected from these components. 


When testing a thermostat, be careful not to send too 
much electrical current through the mercury column. 
Large currents tend to separate the column so that it 
will no longer measure temperatures accurately. Use 
the smallest amount of current that will still give good 
test results, If tests show the unit to be defective, replace 
it, since it cannot be repaired. 


Cockpit Heat Control Box. 
Тһе heat control box has already been discussed in 
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detail. Most defects ог malfunctions of the temperature 
control system will be found in this unit. The most 
common defect will be a stuck relay or a relay that 
operates only part time. Тһе switches operated by the 
manual temperature-selector knob may also become 
defective. See Т.О. 1F-102A-2-6 for the tests you should 
perform to locate defects in the system. If the tests show 
that some component in the box is defective, the whole 
box must be replaced. 


Bypass Valve. 


Тһе bypass valve has already been mentioned in sev- 
eral other sections of this manual. It is a butterfly-type 
valve actuated by a reversible d-c motor and controlled 
by the automatic temperature control system. The 
motor is а split-field type similar to the motor of the 
cockpit ram air valve. This valve and motor were dis- 
cussed previously. The main difference in the two 
valves is the fact that the cockpit ram air valve is either 
full open or full closed, while the bypass valve can be 
stopped in any position. The addition of a brake to the 
bypass valve motor makes the difference. 


The brake is the mechanical type that holds che motor 
armature in a fixed position when there is no current 
through the motor. When the motor is energized, cur- 
rent flows through a solenoid coil which causes che 
brake to be released by magnetic action, The control 
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Figure 3-20. Cockpit Pressure Altitude Schedule 


system feeds current into one or the other of the field 
windings until the valve reaches the desired position. 
Current is then removed, and the brake locks the arma- 
ture and the valve in place. The valve and its motor is 
a part of the refrigeration unit and was discussed and 
illustrated in Chapter II. 


THE СОСКРІТ PRESSURE CONTROL SYSTEM. 


Тһе cockpit air pressure is régulated automatically by 
a control system consisting of a pressure regulator, a 
safety valve, and a rate sensor. The pressure regulator, 
installed on the cockpit floor between the rudder 
pedals, controls the cockpit pressure by regulating the 
flow of air from the cockpit. The safety valve is simi- 
lar to the regulator, except that it has a higher pres- 
sure setting. Both of these components regulate the 
air flow by balancing cockpit pressure against atmos- 
pheric static air pressure. 


The system is entirely non-electrical, except for a 
solenoid-operated shutoff valve in a pressure-sensing 
line to the regulator, and a similar valve in another 
pressure-sensing line connected to the safety valve. 
The first valve is normally open, but is closed on the 
ground by a signal from the landing gear safety 
switch. The sécond shutoff valve is normally closed; 
however, it opens on the ground upon a signal from 
the safety switch. It can also be opened in the air by 


manually placing the cabin air switch in the RAM 
position. These valves and their control were dis- 
cussed earlier in this chapter under Cockpit Air Flow 
Control. 


The pressure regulator maintains cockpit pressure at 
a level slightly higher than atmospheric pressure at 
ай altitudes up to 10,000 feet. From 10,000 feet up to 
26,000 feet, cockpit pressure is maintained at a con- 
stant value of about 10.2 psi, which is equivalent to 
atmospheric pressure at about 10,000 feet. From 26,000 
feet to the maximum altitude of the airplane, cockpit 
pressure is maintained at a value approximately 5 psi 
higher than atmospheric pressure at the altitude at 
which the plane is flying. 


А cabin pressure altitude indicator on the left auxil- 
iary instrument panel indicates cockpit pressure in 
terms of the equivalent altitude in thousands of feet 
as shown іп the chart in figure 3-20. For instance, at 
40,000 feet of airplane altitude, the indicator would 
show a cockpit pressure altitude of 17,000 feet. If the 
cockpit regulator should become defective, the safety 
valve regulates the pressure at a level slightly higher 
than the pressure normally maintained by the pressure 
regulator. 
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Figure 3-21. Cockpit Pressure Regulator 


When the cabin air switch is at RAM or when the 
airplane is on the ground, the safety valve allows an 
unrestricted flow of air overboard from the cockpit. 
This results іп a completely unpressurized cockpit. 
"The rate sensor prevents cockpit pressure from build- 
ing up too fast for the pilot's comfort or safety. This 
is important after ram air has been used for ventila- 
tion and after armament has been fired. The cockpit 
is unpressurized during ram air ventilation since the 
safety valve is open. 


During armament firing, the flow of conditioned air 
to the cockpit is stopped and cockpit air pressure 
gradually leaks off. In any case, when the safety valve 
is closed and the flow of conditioned air is turned 
back on, the pressure rise would be very fast if the 
flow control valve were to be opened all the way. The 
rate sensor senses the sudden build-up of cockpit pres- 
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sure and drains air flow from a control chamber in the 
flow control valve pneumatic actuator. This causes 
the valve to close and restrict the air flow and to slow 
down the rate of pressure build-up. The flow control 
valve and its actuator were completely covered in 


Chapter П. 
Cockpit Pressure Regulator. 


The cockpit pressure regulator controls the flow of 
air from the cockpit by sensing and comparing static 
air pressure (atmospheric pressure, not ram air pres- 
sure) with cockpit pressure. Note that two sensing 
lines connect to the top of the regulator in figure 
3-21. One line connects static air pressure from pres- 
sure sensing ports оп the airplane fuselage to the reg- 
ulator control chamber. The second line connects the 
control chamber to the cockpit discharge duct іп the 
позе wheel well. There is also a check valve and a 
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Figure 3-23. Cockpit Pressure Regulator Test Handle 


solenoid-controled shutoff valve in this line. The 
manner in which the two lines are connected to the 
static lines and the discharge duct is shown in figure 
3-22. 


Cockpit pressure is sensed through a filtered opening 
next to the static pressure connection. А test handle 
on the regulator is normally lockwired in the FLIGHT 
position; however, as shown in figure 3-23, it has two 
other positions which are used when ground testing 
the cockpit pressurization system. They are marked 
TEST ONLY-DIFF ON and TEST ONLY-ALL OFF. 


Тһе regulator actually controls cockpit pressure in 
three stages. The first stage can be called "Unpressur- 
ized Operation," although cockpit pressure will actu- 
ally be slightly above atmospheric pressure in this 
stage. This stage will last from take-off time until the 
airplane reaches an altitude of 10,000 feet. The sec- 
ond stage, called "Isobaric Operation," is in operation 
from an altitude of 10,000 feet to about 26,500 feet. 
Within this altitude range the regulator maintains 
the cockpit pressure constant at about 10,000 feet pres- 
sure altitude (about 10.2 psi). 


Тһе third stage is called "Differential Operation." 
The regulator is in this stage from an altitude of 
about 26,500 feet up to the maximum operating alti- 
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tude of the airplane. In this stage the regulator main- 
tains the cockpit at a pressure that is always about 
five psi higher than atmospheric pressure. 


Regulator Operation. 


Figure 3-24 is a schematic of the cockpit pressure 
regulator. The assembly consists essentially of a base 
casting and an outflow valve. The outflow valve is 
suspended from the base casting by a diaphragm and 
is mechanically guided by a guide post attached to 
the casting. The space above the diaphragm is a con- 
trol chamber. Cockpit air pressure bears against the 
bottom of the diaphragm, while control chamber 
pressure bears against the top. The valve is balanced 
so that only a slight difference in pressure will cause 
the valve to move toward the side with the least pres- 
sure. If the pressures are equal, the diaphragm spring 
will keep the valve closed. 


When cockpit pressure is higher than control chamber 
pressure, the valve will move up and air will leave 
the cockpit through the passages in the base casting. 
Note in the schematic that there are three pressure 
sensing openings to the control chamber. Cockpit air 
enters through a filtered orifice, while the main port 
opens the chamber to atmospheric pressure. Control 
chamber air is vented overboard through this port 
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Figure 3-24. Cockpit Pressure Regulator Schematic 


when atmospheric pressure is less than control cham- 
ber pressure. The third port connects to the discharge 
ducting through a sensing line. 


А check valve keeps this line closed except when pres- 
sure in the ducting exceeds cockpit pressure. In this 
case, the higher duct pressure enters the control 
chamber and closes the valve to prevent a reverse flow 
of air from the forward electronic compartment to 
the cockpit. А shutoff valve closes this line when the 
airplane is on the ground so that air from a ground 
air conditioning unit can flow from the electronic 
compartment to the cockpit. 


The control chamber contains two control systems, 
the "isobaric control" system and the "differential 
control" system. The isobaric system includes an evac- 


uated bellows, а metering valve and spring, a rocker 
arm, and a tension spring. The differential system 
consists of a diaphragm, a metering valve and spring, 
a rocker arm, and a tension spring. The control cham- 
ber housing encloses a three-way selector valve. 


This valve is controlled by the test handle on the top 
of the regulator. It controls the vent to atmosphere 
from the isobaric metering valve and the vent from 
the differential metering valve. When these vents are 
closed, the regulator is inoperative and the cockpit 
can be pressure tested. In the FLIGHT position, both 
vents are open; while in the TEST ONLY-ALL OFF 
position, both vents are closed. In the TEST ONLY- 
DIFF ON position, the Isobaric Control System is 
inoperative and the Differential Control System can 
be ground tested. 
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Ас sea level, cockpit pressure entering the control 
chamber through the filtered orifice keeps the bellows 
contracted, and the isobaric metering valve stays 
open. Cockpit air enters through the orifice and is 
vented to atmosphere through the metering valve. 
Since the orifice is smaller than the metering valve 
opening, pressure in the control chamber becomes less 
than cockpit pressure and the outflow valve opens to 
permit cockpit air to flow to the discharge duct. As 
the airplane climbs toward 10,000 feet, the pressure 
in the control chamber becomes less and less until at 
10,000 feet it is no longer enough to keep the bellows 
in the collapsed or contracted. position. 


When the bellows start to expand, the isobaric con- 
trol stage of operation begins. As the bellows start to 
expand, it begins to rotate the rocker arm to move the 
metering valve toward its seat and restrict the flow of 
air from the chamber. Restricting the flow of air from 
the control chamber causes the control chamber pres- 
sure to increase in relation to cockpit pressure and the 
outflow valve moves toward the closed position, The 
higher the airplane goes, the more the bellows will 
expand. The more the bellows expands, the smaller 
the metering valve vent will become. 


This results in a constant closing movement of the 
outflow valve as che airplane climbs from 10,000 feet 
to about 26,500 feet, Within this range, the cockpit 
pressure will be at a constant level of about 10.2 psi, 
which is about equal to atmospheric pressure at 10,000 
feet. At about 26,500 feet the isobaric metering valve 
will be firmly closed and the isobaric control system 
can no longer operate. 


From sea level to about 10,000 feet, the outflow valve 
will be wide open. From 10,000 feet to about 26,500 
feet of altitude, the valve will gradually move toward 
the closed position. Ас about 26,500 feet the Differen- 
tial Control System begins to operate and the outflow 
valve will gradually open as the airplane climbs. 


Ав the airplane reaches 26,500 feet, the ізоБагіс meter- 
ing valve closes and the control chamber pressure 
becomes sufficiently higher chan atmospheric pressure 
to move the differential diaphragm. The diaphragm 
rotates the differential rocker arm and the differential 
metering valve opens. This reduces control chamber 
pressure and allows the outflow valve to open wider 
under pressure from cockpit air. Тһе higher the air- 
plane goes, the farther the diaphragm will move and 
the larger the metering valve opening will get. This 
results in a progressive reduction of control chamber 
pressure with altitude, and a gradual opening move- 
ment of the outflow valve. 


Maintenance. 


Adjusting screws on the face of the regulator can be 
used to adjust the two rocker arm tension springs. 
Turning these springs changes the pressure secting 
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of the regulator. This is a job for skilled maintenance 
personnel, and should not be attempted while the 
regulator is installed in thé airplane. А regulator that 
is not operating properly should be replaced. Limit 
your maintenance work on this regulator to removing 
and cleaning the filter in the cockpit air port. The 
cockpit floor around the large filter screen, and the 
screen itself, should be kept clean at all times. 


Do not use compressed air to clean the screen since 
the air pressure might damage the diaphragm. If a 
vacuum cleaner with a hose and brush attachment is 
available, use it to clean around the screen. The vac- 
uum also should not be too powerful, since it too 
could damage the diaphragm. Make certain the test 
handle is in the FLIGHT position whenever you 
inspect the regulator. 


Cockpit Safety Valve. 


Тһе cockpit safety valve is mounted on the aft bulkhead 
of the canopy. When it is open, it vents cockpir air 
overboard through the bulkhead and through dump 
louvres on the canopy skin. Note that this valve is very 
similar to the cockpit pressure regulator in appearance 
and function. It senses and compares cockpit and atmos- 
pheric pressures, and opens co permit cockpit air to 
vent overboard when cockpit pressure reaches certain 
limits. Since these regulated pressure limits are higher 
than those of the cockpit pressure regulator, the safety 
valve will not ordinarily function unless the regulator 
is defective. It has three sensing ports, one of which 
allows cockpit air to enter the control chamber through 
а filter screen. 


The other two openings are connected to atmospheric 
pressure through sensing lines to the nose wheel well 
sensing port connections. The sensing lines in che nose 
wheel well were shown in figure 3-22. The main sensing 
port is connected to atmosphere directly, but the other 
port, the "dump" port, i$ connected to atmosphere only 
when the shutoff valve in its sensing line is open. When 
the shutoff valve is open, the safety valve opens wide 
to dump cockpit air overboard. 


Тһе shutoff valve is normally closed, but is automatic- 
ally opened when the airplane is on the ground and 
when the cabin air switch is in the RAM position. A 
test handle on the safety valve is normally lock-wired 
in the FLIGHT posicion. It also has two other positions. 
One is marked TEST ONLY-SEC. DIFF ON, and is 
used for ground testing. The last position is the extreme 
counterclockwise position and is not marked. When 
the handle is in this position, the safety valve will 
remain shut and the air pressure could build up and 
damage the cockpit. NEVER use this position. 


Valve Operation. 


Тһе safety valve controls cockpit pressure in three 
stages, as does che pressure regulator. The first stage is 


COCKPIT PRESSURE 
SENSING PORT 


STATIC PRESSURE 


SENSING PORT 


COCKPIT 
DUMP PORT 


81450765 


LOW-PRESSURE PNEUMATIC SYSTEM 


LOCKWIRED сс 
IN FLIGHT Oi 


POSITION 
TEST ONLY EXCEPT FOR 


SEC. DIFF, ON GROUND TESTS 


SELECTOR VALVE IN 
“FLIGHT” POSITION 


©: FLIGHT 


ІМ FLIGHT 
POSITION 
EXCEPT FOR 

GROUND TESTS 


TEST ONLY 
SEC. DIFF. ON 


SELECTOR VALVE IN 
"TEST ONLY SEC. DIFF. ON" 
POSITION 


Figure 3-25. Cockpit Safety Valve 


called "Primary Differential Operation" and is com- 
parable to "Unpressurized Operation" in the pressure 
regulator. This stage lasts from takeoff up to about 
13,000 feet of altitude. Within this altitude range the 
cockpit pressure will stay about 1.5 psi over atmos- 
pheric pressure. 


The second stage is called "Isobaric Operation" and is 
exactly the same as the second stage of the pressure 
regulator, except that it begins at about 13,000 feet 
and maintains the cockpit pressure constant from that 
altitude to about 26,500 feet. The third stage is called 
“Secondary Differential Operation” and is exactly the 
same as the chird stage of the pressure regulator. The 
only difference is that the cockpit pressure would be 
maintained at about 5.25 psi over atmospheric pressure, 
instead of 5 psi as for the pressure regulator. 


The simplified cross section of the safety valve, figure 
3-26, shows how closely the safety valve resembles the 
pressure regulator. The "Isobaric Control" systems in 
both components are identical. The "Secondary Differ- 
ential Control" system of the safety valve is identical 
with the "Differential Control" system of the pressure 
regulator. These cwo systems in the safety valve operate 
exactly as che comparable systems in the pressure regu- 
lator. 


There is also a dump port that is open to atmosphere 
when the shutoff valve is open. When that happens, 
control chamber pressure becomes much less than cock- 
pit pressure and the outflow valve opens to permit 
cockpit air to flow to atmosphere. 


Тһе main difference between the regulator and the 
safety valve is that a third control system 15 added to 
the safety valve. This syscem is called "Primary Differ- 
ential Control" and operates from sea level to 13,000 
feet altitude range. This system is composed of a poppet 
valve, a diaphragm, and two springs. Ас sea level and 
unpressurized operation, the diaphragm spring will 
keep the poppet valve open. А$ the airplane climbs, 
Cockit pressure will exceed atmospheric pressure, thus 
causing the poppet spring to move the poppet valve 
toward the closed position. This reduces the flow of 
Cockpit air co the control chamber and thus reduces 
chamber pressure. 


Тһе isobaric metering valve remains wide open during 
this stage. Ás the chamber pressure is reduced, cockpit 
pressure against the outflow valve diaphragm will cause 
the outflow valve to move toward the wide open posi- 
tion. Ás the airplane continues to climb, the poppet 
valve continues (0 move toward the closed position, 
thus reducing control chamber pressure and causing 
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Figure 3-26. Cockpit Safety Valve Schematic 


the outflow valve to open wide. This action maintains 
cockpit pressure at about 1.5 psi over atmospheric 
pressure. 


Ar 13,000 feet che роррес valve will be firmly closed 
and cockpit air can enter the chamber only through 
the orifice in the poppet valve. Аз the airplane continues 
to,climb, the isobaric bellows begins to expand and the 
Isobaric Control system operates in the same manner 
as for the pressure regulator. Ac about 26,500 feet, the 
Secondary Differential Control system begins to func- 
tion in the same manner as the Differential Control 
‘system of the pressure regulator. 


After 13,000 feet, the only difference in operation 
between the safety valve and the pressure regulator is 
the fact that the safety valve would maintain a slightly 
higher cockpit pressure. ТЕ the pressure regulator were 
to remain closed, the safety valve would open gradually 
as the airplane climbed from sea level co about 13,000 
feet. From that altitude to about 26,500 feet the valve 
would slowly close. As the airplane climbs from 26,500 
feet to its maximum altitude, the valve would slowly 
open. 


Maintenance. 


Adjusting screws on the face of the safety valve can be 
used to adjust the pressure settings of the valve. NEVER 
attempt to adjust the safety valve. Replace a valve that 
is not operating correctly. Limit your maintenance work 
on the safety valve to removing and cleaning the filter 
in the cockpit air port. Keep the area around the out- 
flow valve clean, but do not use compressed air or you 
might damage the diaphragm. Use a low-powered, 
household-type vacuum cleaner, with a hose attach- 
ment, to clean around the valve. Be sure that the test 
handle is in the FLIGHT position before the airplane 
takes off, or the airplane structure will be severely dam- 
aged if the pressure regulator should fail. 


The Rate Sensor. 


The cockpit rate sensor ís mounted on the aft side of 
the cockpit canted bulkhead. A small hole in the bulk- 
head allows the unit to sense cockpit pressure. 


The rate sensor controls the opening rate of the flow 
control valve to prevent too rapid a build-up of cockpit 
pressure after a period of unpressurized operation. As 
the name implies, the rate sensor, which is shown in 
figure 3-27, senses the change in cockpit pressure. Not 
only does it sense the change, but it causes the flow 
control valve to close momentarily to reduce the rate 
at which the pressure increases. 


The valve actuator will move the valve toward the 
closed position when air pressure in one of the actuator 
control chambers is reduced. Тһе rate sensor drains air 


` from this chamber to reduce the control chamber pres- 
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Figure 3-27. Rate Sensor 


sure any time there is a sudden increase in cockpit 
pressure. 


The rate sensor assembly consists essentially of two 
pressure chambers and a relay valve (figure 3-28). The 
relay valve is really a separate unit that is attached to 
the rate sensor. It is through the relay valve that air 
from the control chamber of the flow control valve is 
drawn and vented from the system. 


Rate Sensor Operation. 


Тһе rate sensor itself consists of two control chambers 
separated by a diaphragm. The smaller chamber, 
marked "А," is connected to cockpit air, and its pressure 
will change at the same rate that cockpit pressure 
changes. The other chamber, marked "В," is connected 
со cockpit air through very small openings that restrict 
the air flow to such a low rate that there is a time lag 
between a cockpit pressure change and the same change 
in chamber B pressure. 


When cockpit pressure increases, the pressure in cham- 
ber "A" will exceed that in chamber “В” and the dia- 
phragm will move toward chamber "B." A small valve 
that normally blocks the small orifice will move to 
unblock the orifice when che diaphragm moves. The 
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Figure 3-28. Rate Sensor Schematic 


orifice is connected to another small pressure chamber 
in the relay valve. The relay valve has а small metal 
pressure diaphragm which blocks a circular ring of 
small dump ports. Air pressure from the flow control 
valve actuator bears against one side of the diaphragm. 


Since there is a small hole in the diaphragm, the air 
leaks into the small pressure chamber until the pres- 
sure on both sides of the diaphragm is equal. Since the 
diaphragm has more area exposed to the pressure cham- 
ber than it does to the upstream pressure, the diaphragm 
will be pressed away from the chamber and will block 
the ring of dump ports. When the rate sensor dia- 
phragm moves toward chamber "B," and the small 
valve unblocks the orifice, air from the pressure cham- 
ber in the relay valve is vented into the rate sensor. The 
relay valve diaphragm is then forced into the pressure 
chamber and air from the flow control valve actuator is 
allowed to vent from the system through the dump 
potts. 


The flow control valve closes, cockpit pressure stops 
building up, the rate sensor diaphragm moves toward 
Chamber “А,” and the small valve blocks the orifice. 
Pressure in the relay valve pressure chamber then 
builds up until it forces the relay valve diaphragm 
to block the dump ports. The flow control valve will 
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again open and the cycle will be repeated until a fur- 
ther increase of cockpit pressure is prevented by the 
pressure regulator or safety valve. 


Maintenance. 


Тһе control of the rate of cockpit pressure increase by 
the rate sensor depends upon some very precise adjust- 
ments. The one thing most destructive to its proper 
operation is an air leak. А leak any place in the system 
—from the pressure connection at the flow control valve 
actuator to the rate sensor itself—can cause the flow 
control valve to close or to fluctuate. If the pilot reports 
cockpit pressure surges, you should first check carefully 
for leaks by using a soapy solution. 


Тһе relay valve itself is the part most likely to leak. 
It is connected to the rate sensor by pipe threads. The 
connection must be tight. The relay valve has three 


circular parts which are held together by screws. There ` 


are по gaskets between these parts; however, the steel 
diaphragm acts as a gasket. 


А filter is found at the other joint. If these screws are 
loose, air leaks may develop around the joints; so you 
should make certain the screws are tight. Other than 
checking for leaks, do not attempt repairs on a defec- 
tive rate sensor; instead remove it and install a new one. 


О 


о 


Pressure Fittings. 


One of the chief causes of difficulty in the pressure 
regulation system is air leakage at pressure sensing line 
connections. This applies to al] sensing lines; however, 
“Ве pressure line between the flow control valve actu- 
‘ator and the rate sensor relay valve is the most sensitive. 
This line is under high pressure and even small leaks 
could cause the flow contro) valve to close at che wrong 
time, 


"The atmospheric pressure sensing lines and the sensing 
line between the cockpit pressure regulator and the 
cockpit discharge ducting are also important. 


All pressure sensing lines in the pressure regulation 
systems are made of one-fourth inch aluminum tubing 
joined by standard AN pressure tubing connections. 
Figure 3-29 shows a typical connection. 


There are two chronic troubles encountered with the 
installation of AN couplings: overtorqued connections 
and stripped threads. You will find it best со connect 
AN couplings by using hand pressure only; then if you 
do have the threads crossed, you can detect it before 
any damage is done, The worst problem, however, is 
overtorquing. 


Sooner or later all mechanics must become familiar 
with torquing procedures and values. Torquing is the 
process of tightening bolts, nuts, screws, and tubing 
connections to the correct point without damaging the 
threads by using excessive pressure. Torque values are 
merely the measurement of how much force you must 
apply to the bolt or nut to give a secure connection 
without stripping the threads. 


The force varies with the materia! and with chread 
sizes. Since all mechanics do not have the same strength, 
it is necessary to have a standard method whereby each 
mechanic can determine "how tight is tight.” Your 
F-102A Maintenance Technical Orders (See T.O. 1F- 
102А-2-3) specify the amount of force or torque to be 
applied to a particular part to insure a tight connection 
without causing damage. 


This amount of force will be given in either inch- 
pounds or foot-pounds. For example, ten inch-pounds 
of torque means one pound of force applied at che end 
of a lever ten inches long. In a similar manner, ten foot- 
pounds means ten pounds of force applied at the end 
of à lever one foot long. А torque wrench may be cali- 
braced in either inch-pounds ог foot.pounds. The 
length of the handle will be constant; therefore a spring 
and ratchet arrangement in some wrenches will deter- 
mine the amount of force that can be applied before 
the ratchet will slip. The amount of force that can be 

| applied before slippage can be varied in many torque 
wrenches. Other wrenches have a dial which registers 
the torque being applied. 
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Figure 3-29. AN Pressure Coupling 


MAINTAINING THE SYSTEM. 


Тһе failure of any part of the cockpit air conditioning 
and pressurization control systems will produce certain 
trouble symptoms. In this respect, your job as a main- 
tenance man is similar to that of a doctor. It will be 
your responsibility to examine the system and discover 
the symptoms, You will then have to diagnose the 
cause and "operate" to correct it. 


There are several ways in which you can detect trouble 
symptoms. You can check the different components 
visually; the valves, regulators, ducting, pressure lines, 
etc, for evidence of air leakage, ruptures, or other 
damage. The best source of information concerning 
trouble symptoms is the airplane Form 1А after a flight 
or pre-flight “runup.” All troubles which the pilot or 
the crew chief have noted are entered on this form. 
Some troubles in the system are indicated to the pilot 
by the refusal of the circuit breakers in the different 
control systems to stay in the closed position. 


This could indicare that some part of the control wiring 
is shorted or grounded in such a manner as to overload 
the circuit. Warning lights on the panel indicare elec- 
trical power failures chat would affect the cockpit 
temperature of air control systems. The more common 
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troubles noted by the pilot would be a failure of the 
system to maintain the cockpit at a comfortable сетрег- 
ature or to prevent pressure surges. Failure of the sys- 
tem to change the air flow as the cabin air switch is 
manipulated may also be reported. 


The pilot might also note that the pressurization con- 
trol system does not regulate cockpit pressure to the 
proper level for the particular altitude he is flying. АП 
such defects will be entered on the form and it is your 
job to find the specific trouble and correct it. From the 
description of the condition, you must determine the 
actual cause of the trouble, perform an operational 
check to make certain that your diagnosis is correct, and 
then remedy the defect. 


INSPECTIONS. 


The F-102A Inspection Technical Order (Т.О. 1F- 
102А-6) describes the inspections that must be per- 
formed on the airplane. In general, inspections are 
divided into three categories: Preflight, Postflight, and 
Periodic. In the section on preflight inspections you 
should become familiar with all of che items dealing 
with the Low-Pressure Pneumatic System. As far as the 
Cockpit Air Conditioning and Pressurization System is 
concerned, perhaps the most important preflight inspec- 
tion concerns the test handles on the cockpit pressure 
regulator and the safety valve. Both test handles must 
be lockwired in the FLIGHT position, or the cockpit 
pressurization will be erratic, ог che cockpit may over- 
pressurize resulting in serious structural damage. 


Certain postflight inspections must be performed after 
each flight. Study the items listed in the Inspection T.O. 
under Postflight Inspections and check each item care- 
fully for any indication of a defect or malfunction. 
Many times minor defects can be spotted and corrected 
before they can become serious. 


In addition to the regular preflight and postflight in- 
spections, certain components or systems are to be 
inspected at regular intervals of flight time. For in- 
stance, a certain group of items must be inspected every 
50 hours of flight time, while others are inspected every 
100 hours or every 1000 hours. The Inspection Manual 
(T.O. 1F-102A-6) tells you what items to inspect and 
what to look for; however, the Maintenance Manual 
(T.O. 1F-102A-2-6) will give more detailed instructions. 
Study the instructions carefully and consult your crew 
chief if you have any doubt about how to proceed. 


OPERATIONAL TESTS. 


Whenever a certain system or component of a system 
is suspected of being defective, it is often a good idea 
to perform an operational test to pinpoint the trouble 
in a particular component. This is especially true of 
the pressurization control system. It is easy to assume 
that one or the other of the components of a system is 
the cause of the trouble. However, if you do not per- 
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form an operational test to make certain, you might 
replace a perfectly good component only to find the 
system will still not operate properly. 


These operational tests are described in all necessary 
detail in Т.О. 1F-102A-2-6. The tests that concern the 
Cockpit Pressurization and Сопіго! System are the 
Cockpit Pressurization Test and the Cockpit Tempera- 
ture Control Test. These tests must be performed when- 
ever a component of the system to be tested has been 
removed, replaced, or adjusted. 


Cockpit Pressurization Test. 


This test includes the functional testing of the cockpit 
safety valve, pressure regulator, and rate sensor. The 
test will also indicate how well the cockpit is pressure 
sealed. Before performing the test, refer to Chapter V 
for instructions on checking and testing the canopy 
seal. Make certain that the canopy seal is functioning 
properly before proceeding. The test itself is described 
in T.O. 1F-102A-2-6. 


Тһе airplane must be resting оп the ground while you 
perform this test. If it is jacked up, there will be a cer- 
tain amount of warping that will change the rate of air 
leakage through the structure. The system is designed 
so that a certain small amount of leakage will not have 
a serious effect on the level of cockpit air pressure. 


This test is designed to test the operation of the system 
under flight conditions. The main landing gear safety 
switch must be manually placed in the airborne position 
or the shutoff valve in the safety valve sensing line will 
be open. This shutoff valve must stay closed or the 
safety valve will remain open and cockpit pressure can- 
not be built up. The safety switch is mounted on the 
left main landing gear. Figure 3-30 indicates the ground 
position and airborne position of the switch, and shows 
how to manually place it in the airborne position. 


During these tests the engine will not be operating and 
the flow control valve and the cockpit ram air valve 
will be closed. Therefore, a source of external air pres- 
sure must be connected to the cabin pressure test fit- 
ting beneath the cockpit floor in the nose wheel well. 
'This fitting and the other two test fittings we are 
concerned with here are shown in figure 3-31. 


Another source of pressure must be connected то the 
canopy seal test line fitting so that the canopy may be 
pressure sealed. А pressure measuring instrument must 
be connected to the fitting marked STATIC PRESSURE 
CONNECTION. Make certain that you make these 
three connections as tight as possible, or the test may 
not give you reliable test data. 


It is very important that you observe all safety precau- 
tions specified in the technical order. The cockpit will 
be under pressure and a structural failure could cause 
severe injury to you or any bystanders. 


LEFT MAIN LANDING GEAR 


ACTUATING LEVER IN 


BTM50770 FLIGHT POSITION 


А safety valve set to relieve at 8 psi must be installed 
at the fuselage fitting inside the small access door below 
the right windshield panel. This will prevent damage 
to the structure if the cockpit safety valve malfunc- 
tions and fails to relieve the pressure at 5 psi. 


The test is conducted in several stages. Ас each stage, 
the test. handles on the safety valve and the cockpit 
pressure regulator must be in certain specified posi- 
tions. Áfter conducting the tests, be very careful to 
lockwire these handles in the FLIGHT positions, or 
the system will not operate correctly in the air and the 
system might overpressurize the cockpit and damage 
it severely. It could even cause the loss of both the 
airplane and the pilot. й 


If the cockpit fails to pressurize, check all ducting lead- 
ing to the cockpit for leaks. Remember that the cockpit 
cannot be pressurized unless the cockpit ram air valve 
is firmly closed, so check the position of this valve if 
the pressure will not build up. 


Be sure to move the ground safety switch to the ground 
position before opening the cockpit after a pressure 
test. This will cause the safety valve to open and dump 
“ће cockpit pressure. If this is not done, some damage 
ло equipment or injury to personnel could result when 
the canopy їз unlatched. Be certain to leave the safety 


LOW-PRESSURE PNEUMATIC SYSTEM 


CAM REMOVED FOR 
GROUND TEST 


ACTUATING LEVER IN 
GROUND POSITION 


MAIN LANDING GEAR 
SAFETY SWITCH 


CABIN PRESS 


TEST FITTING 
нн TES 


VIEW INSIDE NOSE WHEEL 
WELL LOOKING UP 


8TM50771 


Figure 3-31. Cockpit Pressure Test Fittings 


Switch in an operating condition after these tests, or 
the cockpit may not pressurize in the air. 


After performing these tests, disconnect external pres- 
sure lines and the pressure indicator from the fittings 
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Figure 3-32. Continuity Light 


in the nose wheel well. Be certain that the fittings are 
tightly capped after completing these tests. 


Cockpit Temperature Control Test. 


This test is an electrical test of the cockpit heat control 
box and the duct thermostats. Follow the instructions 
in T.O. 1F-102A-2-6 carefully and replace those com- 
ponents found defective. Do not attempt to repair or 
adjust the control box, but instead replace it as a unit. 
Retest the system after replacing a component. If there 
are any opens, shorts, or other defects in the wiring, 
follow the procedures given below for checking elec- 
trical wiring for continuity and shorts. 


Testing Electrical Circuits. 


Тһе continuity light and voltmeter are the items that 
you will use most often in checking electrical systems. 
Continuity lights are generally used to check for open 
circuits. Аз shown in figure 3-32, a continuity light 
consists of two flashlight batteries, a bulb, and two 
leads. Each lead has a contact probe. If you touch the 
contact probes cogether, the light will come on. When 
the contact probes are apart, the light will be off. 
Whenever you desire to check a circuit for opens, 
touch one end of the circuit with one probe and the 
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other end with the other probe. If the circuit is con- 
tinuous, the light will come on. Make certain that there 
is no current in the circuit before using the continuity 
light. If you must test the circuit while the power or 
current is оп you will need a voltmeter. 


Voltmeters are designed to measure potential differ- 
ences; that is, they indicate the voltage drop across 
certain portions of the circuit, Figure 3-33 shows a 
typical voltmeter used in checking circuits. The volt- 
meter has two leads with contact probes similar to 
those of the continuity light. When using a voltmeter, 
always connect it in parallel with the electrical circuit 
being tested. If you should connect the voltmeter in 
series no harm will result to the voltmeter since the cur- 
rent will be limited by the high internal resistance of the 
meter. However, since this is true, the components of 
the circuit will not operate. 


Always be careful to use the right voltage scale for the 
voltage range you expect in the circuit. The voltmeter 
will have several scales and a switch with which to 
select the desired scale. It is always a good idea to place 
the switch at che highest voltage position at first to 
avoid damage со the voltmeter. If the voltage indicated 
is less than the range of the next smaller scale, then 
you can switch to that scale for maximum sensitivity. 


Figure 3-33. Voltmeter 
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ELECTRONIC COMPARTMENTS VENTILATION SYSTEM 
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In previous chapters of this manual you learned 
about the air supply systems of the Е-102А airplane. 
You also learned about the cockpit air conditioning 
and pressurization system. In this chapter, we will 
discuss the ventilation systems of the various electronic 
compartments. As you should well know, electronic 
equipment generates quite a bit of heat. In some of 
the electronic compartments, particularly the forward 
compartment, the entire space is almost completely 
occupied by various electronic components. 


When all of these components are operating at once, 
the compartment could become so hor that the equip- 
ment would overheat and function improperly or not 
at all. Àn airplane, such as the F-102A, cannot perform 
its mission unless its complicated electronic systems 
function properly. You can see, therefore, how impor- 
tant it is that a continuous flow of cooling air be 
maintained through the electronic compartments. 


Operation of the electronic compartments vencilation 
system is very simple compared to the cockpit air con- 
ditioning and pressurization system. Ram air is con- 
ducted through ducting to the various compartments 
апа its flow control is entirely automatic. There is no 
manual switch or other control for the pilot to worry 
about, and defects in the system may not be apparent 
to him. In detecting and analyzing troubles in the 
electronic ventilation system, you will receive much 
iless help from the pilot chan is che case with other 
systems. 


You will need a very thorough knowledge of the sys- 
tem and its operation in order co maintain it, Before 
getting involved in details of che different components 
i 


we will first describe the system as a whole and its 
operation under various conditions. 


DESCRIPTION OF ELECTRONIC 
COMPARTMENTS VENTILATION SYSTEMS. 


As you will recall from Chapter II, all air used to соо! 
and ventilate the various F-102A electronic compart- 
ments enters the airplane through one of three open- 
ings. The most important of the three openings ог 
intakes, as far as electronic cooling is concerned, is the 
left boundary-layer ram air intake. The other two 
openings are the large engine air intakes. Both engine 
air intakes join just forward of the engine to form one 
large intake. One system of distribution ducts connects 
to the boundary-layer intake and two systems connect 
to the engine intake just forward of the engine com- 
pressor. 


In figure 4-1, note that these three systems are entirely 
separate from each other. Note «һас the boundary- 
layer system conducts air to the forward, intermediate, 
and upper electronic compartments. One of the two 
aft distribution systems conducts air to the aft elec- 
tronic compartment, and the third system distributes 
air to the a-c and 4-с generators and the IFF units. 
Neither of the aft systems has valves or regulators, and 
cooling air always flows through them as long as the 
airplane is moving or the engine is running. 


The left boundary-layer distribution system contains a 
combination pressure regulator and shutoff valve that 
controls the flow of air through che system. This unit 
has a complicated external control system as well as 


77 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


^ 


2INOM12313 Liv 


5ЧО1УЧ3мМ39 
Јама за У. 


7 


T*—SAINn 331 


7 


с ыы = 2 
1N3W1NVdWOO » d 


5 зі УМОВА 23719 2 ў] 
Py LIONNI бя 
Н «e 


a VEBSUSWIB 


LNIWLYVdWOD 


3INO312113 um 


зэва 334ViNI ЧГУ WVU — 
ЗЗАУТАЧУЯМПОЯ 1431 ° 


277 SIN3WlNVdWOD 


.. 15ПУНХА 
зу Lid3202 


NOI1V13913334 


. 4204 33VINI ШУ МУЗ 


P. ЗЗАУТАНУамПОЯ НОР 
7 


Electronic Compartment Cooling Air Distribution 


Figure 4-1. 
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integral, or "built-in," pressure and temperature соп- 
trol features. The valve shutter is normally open when 
the airplane is in flight; only during armamenc firing 
is it closed. Ordinarily, it is also closed when the air- 
plane is on the ground. 


When the engine is running аг the IDLE throttle posi- 
tion on the ground, the valve is open to permit the jet 
pump ventilation system to operate. The position of 
the valve shutter is controlled automatically to regulate 
the pressure in the distribution ducting to about one 
psi over atmospheric pressure. The valve closes auto- 
matically when the intake air temperature reaches 71*C 
(160°F) to 74°С (165°Е). In figure 4-2, note that the 
boundary-layer system has four "branches". One 
branch conducts air forward to the forward electronic 
compartment, and another vents air into various ports 
of the intermediate and upper electronic compart- 
ments. 


Note that one part of the second branch carries cooling 
air to, and through, а motor-generator іп the upper 
compartment. (This motor generator is part of the 
armament fire control system and may not be found 
installed in ай Е-102А airplanes.) A third branch con- 
tains the cockpit ram air shutoff valve which was dis- 
cussed in the previous chapter. This branch connects 
to the cockpit air distribution ducting. The fourth 
branch (see figure 4-1) connects to the left boundary- 
layer ducting upstream of the pressure regulator and 
shutoff valve. It contains a check valve which permits 
air to flow from the left boundary-layer to the right 
boundary-layer ducting when the pressure in the left 
ducting exceeds the pressure in the right ducting. This 
check valve and duct section were described in 
Chapter II. 


Тһе forward electronic compartment contains two 
chambers or plenums. The upper plenum (light shad- 
ing) contains electronic equipment, the lower plenum 
(shaded portion) acts as a manifold for even distribu- 
tion of air to the upper chamber. Note that the cockpit 
discharge duct connects to the lower plenum. Air from 
the cockpit normally flows into the lower plenum 
(when the cabin air switch : at PRESS) to increase 
the amount of available cooling air. A fitting in the 
nose wheel well permits a ground air conditioner unit 
to be connected to the lower plenum. А number of 
openings in the upper plenum permit air to flow lat- 
erally from one compartment across to the other. Note 
also, in figure 4-3, that the upper plenum is connected 
to the nose wheel wel] through an opening in the bulk- 
head between them. Openings in the aft bulkhead of 
the nose wheel well allow a free flow of air to the inter- 
mediate and upper electronic compartment. 


А relief valve connects che upper electronic compart- 
ment to the armament bay (see figure 4-4). All air from 
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Figure 4-2. Left Boundary-Layer Ram Air Ducting 


the forward, intermediate, and upper electronic com- 
partments must leave the airplane through this valve 
(when the airplane is in flight) and through any nor- 
mal leaks in the armament bay door hinges. The valve 
is open whenever the electronic compartment pressure 
is slightly higher than atmospheric pressure. 


А check valve connects the upper electronic compart- 
ment to the left engine intake duct. This valve is the 
double-flapper type that is closed when the duct pres- 
sure is greater than upper electronic compartment pres- 
sure. It opens downward when the duct pressure drops 
below the electronic compartment pressure. 


А jet pump is connected to the left boundary-layer in- 
take. In figure 4-6, note that the jet pump consists 
of six nozzles which are connected through a shut- 
off valve to the bleed air supply line. The jet pump 
valve is open only on the ground when the engine ís 
running at the IDLE throttle position. When hor bleed 
air flows out the nozzles, a suction effect is created in 
the distribution ducts and air is drawn from the for- 
ward, intermediate, and upper electronic compart- 
ments. Temperature sensing probes (not shown in the 
illustration) near the nozzles cause che jet pump valve 
to close when the airplane structure becomes too Бог. 
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Figure 4-3. Forward Electronic Compartment 


NORMAL OPERATION IN FLIGHT. 


During normal flight, the ram air pressure regulator 
and shutoff valve opens and ram air flows through all 
three of the electronic-cooling distribution systems. 
When the ‘cabin air switch is at PRESS, there is a flow 
of cockpit discharge air into the forward electronic 
compartment, This cockpit discharge air combines with 
ram air from the left boundary-layer intake to cool che 
forward, intermediate, and upper electronic compart- 
ments. АП air from these three compartments leaves 
the airplane through the relief valve in che upper com- 
partment and the armament bay door hinges. The relief 
valve maintains the air pressure in the upper electronic 
compartment at a pressure slightly above atmospheric. 


Ram air from the engine intake flows through a small 
distribution system то the aft electronic compartment. 
This air is vented into the main wheel well, and chen 
leaks overboard through the wheel well door hinges. 
Another distribution system conducts ram air from the 
engine intake "scroll" to the ac and dc generators (see 
figure 4-1). After passing through the housing of the 
two generators, most of the air in this system enters 
the engine accessory compartment and helps cool it. 
Тһе rest of the air leaving che generators is conducted 
into the vertical fin section to cool the IFF units. This 
air is vented overboard through the fin by normal 
leakage. 
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In Chapter ПІ, vou learned that the cockpit is not 
pressurized when the airplane is at an altitude of less 
than 10,000 feet. In that case, if airplane speed and ram 
air pressure are fairly high, the pressure in the lower 
plenums is higher than cockpit pressure. The cockpit 
pressure regulator senses this condition and shuts off all 
air flow through the cockpit discharge duct. During 
this condition, che electronic compartments are cooled 
and ventilated solely by ram air. 


Тһе ram air pressure regulator and shutoff valve may 
close during flight for one of several reasons. The ram 
air may be too hot, the electrical current to the unit 
may be interrupted, or the regulator may become de- 
fective and cause the valve to close. When the valve is 
closed there is no ram air flow in the left boundary-layer 
distribution system and cockpit discharge air will flow 
through the system (when the cabin air switch is аг 
PRESS and armament is zot being fired) to maintain a 
minimum flow of cooling air to the forward, interme- 
diate, and upper electronic compartments. 


OPERATION DURING ARMAMENT FIRING. 


Тһе burning of fuel іп the motor of a rocket or missile 
creates a cloud of highly corrosive dust and debris. If 
this dust were allowed го enter the electronic com- 
partments, the electronic equipment could be seriously 
damaged. То avoid this danger, an air control timer in 
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Figure 4-4. Intermediate and Upper Electronic 
Compartment Relief Valve 


the armament system closes both the ram air pressure 
regulator and shutoff valve and the bleed air flow con- 
trol valve. When the armament bay doors open, a 
switch sends an electrical signal to the air control 
timer, The timer in turn signals (бе flow control valve 
and the pressure regulator and shutoff valve, causing 
them both to close. This cuts off all air to both the 
cockpit and all electronics compartments, except the 
aft electronic and the JFF unit compartments. 


After the armament is fired and the doors close, an 
electrical signal is again sent to the timer. Three or 
four seconds after receiving this signal, the timer sig- 
nals the flow control valve and the pressure regulator 
and shutoff valve, causing them both to open again. 
"The cabin air switch must be at PRESS before the flow 
control valve will open. However, the pressure regu- 
lator and shutoff valve will normally open as soon as it 
receives the signal. The flow of ram air to the aft elec- 
tronic compartment, the a-c and d-c generators, and 
the IFF units is not interrupted during armament firing. 


OPERATION ON THE GROUND. 


Remember that the electronic equipment in the air- 
plane will overheat quickly if it is operated without 
proper ventilation. When the airplane is in the air the 
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electronic compartments are cooled by ram air. On the 
ground, however, the electronic equipment must often 
be operated for testing purposes. It may also be kept 
on "standby" operation before takeoff so that it can 
begin operating immediately without the need of a 
"warm up" period. Аг any rate, when electronic equip- 
ment is operated on the ground, special arrangements 
are necessary to prevent overheating. 


On the ground, with the engine off, the forward, inter- 
mediate, and upper electronic compartments may be 
ventilated by a ground air conditioning unit. There 
are no provisions for ventilating the aft electronic 
compartment or the IFF units on the ground with the 
engine shut down; however, overheating can be pre- 
vented by opening their access doors before operating 
the equipment. When electronic equipment in the for- 
ward part of the airplane is to be operated, the ground 
air conditioning unit is connected to a fitting on the 
forward bulkhead of the nose wheel well. The ground 
"unit then pumps conditioned air into the lower plenum 
of the forward electronic compartment (figure 4-3). 


From the lower plenum some of the air flows into the 
upper plenum and overboard through an opening in the 
forward bulkhead of the wheel well. The nose wheel 
well door is, of course, open when the airplane is on 
the ground. Part of the remaining air flows into the 
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Figure 4-6. The Jet Pump 


cockpit through the cockpit discharge duct and the 
rest enters the left boundary-layer distribution ducting; 
then the air flows through this ducting and is distrib- 
uted to various parts of the intermediate and upper 
electronic compartments. 


The pressure regulator and shutoff valve and the cockpit 
ram air valve are shut off when the engine is not run- 
ning and the airplane is on the ground. This prevents 
the conditioned air from the ground unit from escaping 
overboard through the boundary-layer intake or into 
the cockpit through the cockpit air distribution duct- 
ing. This air flowing into the intermediate and upper 
compartments is vented overboard through openings 
in the aft bulkhead of the nose wheel well. The access 
doors to the intermediate and upper compartments can 
also be left open if additional ventilation is necessary. 


When the airplane is on the ground with its engine 
running, the ground air conditioner cannot be used 
to ventilate the electronic compartments and all access 
doors must be kept closed. Since the engine may often 
run for some time before the airplane takes off (such 
as waiting for takeoff), some system for providing 
electronic compartment ventilation is necessary. Nor- 
mally, the compartments are ventilated by air forced 
through the air distribucion ducting by the forward 
motion of the airplane, or by the ground air condi-: 
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tioner. However, when the engine is running with the 
airplane parked or standing still, the electronic com- 
partments are ventilated by 52гс 09, that is, air is drawn 
from the compartments and is replaced by more air 
from outside the airplane. This creates a continuous 
flow of cooling air. 


Тһе forward, intermediate, and upper electronic com- 
parcments are ventilated by suction created by the jet 
pump. As hot bleed air flows from the jet pump noz- 
zles and leaves the airplane by the left boundary-layer 
intake (see figure 4-6), a suction is created in the distri- 
bution ducting and air is drawn from the three elec- 
tronic compartments. This air is replaced by air drawn 
from the open nose wheel well. (The pressure regulator 
and shutoff valve will always be open when the jet 
pump is operating.) The aft electronic compartments, 
the IFF units, and the a-c and d-c generators are venti- 
lated by suction in the engine air intake duct—in fact, 
air flow is a reversal of that shown in figure 4-1. 


Normally, when the airplane is in flight, there is a 
positive pressure in the engine intake ducting which 
is caused by the ramming effect of the airplane's for- 
ward motion. However, when the airplane is on the 
ground, this positive pressure is replaced by a negative 
pressure, or suction, caused by the engine compressor. 
Instead of air being forced or rammed through the two 
aft air distribution systems, air is drawn or sucked from 
the distribution ducting and into the engine. This air 
is drawn from outside the airplane and flows through 
the aft electronic compartment, the a-c and 4-с gener- 
ators, and che IFF units. This creates a continuous flow 
of cooling air around these units for ground cooling. 
Тһе negative pressure, or suction, іп the engine intake 
also draws air from the upper electronic compartment 
through the one-way check valve. This valve opens 
ому when the duct pressure is less than the electronic 
compartment pressure, Thus, air is sucked from the 
upper and intermediate compartments by both the jer 
pump — through the boundary-layer air distribution 


system, and the engine compressor—through the check 
valve. 


Occasionally, the hot bleed air from the jet pump noz- 
zles may cause the airplane structure to become too hot. 
When this happens, temperature sensing probes cause 
the jet pump shutoff valve to close and stop the flow 
of air through the forward electronic compartment. 
The intermediate and upper electronic compartments 
will still be ventilated by air drawn through the check 
valve, but che total air flow through these compartments 
is greatly reduced. Since the engine is running, the 
cockpit air conditioning system should be turned on by 
placing the cabin air switch ас PRESS. 


If the canopy is open on the ground, all of the cockpit 
air will go overboard and none will flow to the forward 
electronic compartment. If che canopy is closed, how- 
ever, Cockpit pressure will be slightly higher than 


atmospheric pressure and the cockpit pressure regu- 
lator opens. Thus, the system is designed for the canopy 
to be closed during this operation. Some cockpit air 
then flows through the discharge ducting го the lower 
plenum of the forward electronic compartment. Some 
of this air flows through the upper plenum and the 
rest is distributed through the distribution ducting to 
the intermediate and upper electronic compartments. 
You must understand that this is an emergency proce- 
dure since the air flow in che upper plenum is too low 
for sustained operation. 


AIR DISTRIBUTION DUCTING. 


The air distribution ducting for the electronic com- 
partment’s cooling system consists of uninsulated alumi- 
num duct sections. Some “branches” of the various duct 
systems are as much as 4 inches in diameter. Other duct 
sections are smaller with the smallest branch having a 
diameter of only 1% inches. The cooling air ducting, 
which was discussed in Chapter II, presents very few 
maintenance problems in comparison to the bleed air 
ducting, The pressure and temperature of cooling air 
in the ducting is much lower than bleed air pressure 
and temperature. Normally, che pressure will never be 
more than perhaps 3 or 4 psi, and the temperature will 
not exceed 74°С (165%Е). The sudden expansion of 
metal parts because of rapid temperature changes, 
which is a serious problem with bleed air ducting, 
causes no difficulties in the electronic cooling system. 
Minor air leaks are not too important, so clamping of 
the duct sections together is not such a problem as it 
is for bleed air ducting. When inspecting the low pres- 
sure pneumatic system, check the ducting for damage 
and replace defective sections in the manner described 
in Т.О. 1Е-102А-2-3. 


ELECTRONIC COOLING AIR 
FLOW CONTROL. 


Тһе control of cooling air flow to the electronic com- 
partments is relatively simple. The flow of air to the 
afc electronic compartment, a-c and d-c generators, and 
the IFF units depends only on the speed of the airplane 
and the suction created Бу the engine compressor. There 
are no valves or regulators that control or shut off the 
air flow. On the other hand, the flow of air to the for- 
ward, intermediate, and upper electronic compartments 
is more complicated. The left boundary-layer air dis- 
tribution ducting contains the pressure regulator and 
shutoff valve. There is a shutoff valve in the jet pump 
ducting (see figure 4-4). In addition to these control 
valves in the ducting, there are two relief valves chat 
help to regulate the air pressure in the electronic com- 
partments. Тһе operation of all of these valves and 
regulators is entirely automatic, The pressure regulator 
and shutoff valve and the jet pump valve are controlled 
electrically; the relief valves are entirely mechanical 
in operation. 
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Figure 4-7. Ram Air Pressure Regulator 
and Shutoff Valve 


RAM AIR PRESSURE REGULATOR 
AND SHUTOFF VALVE. 


Тһе ram air pressure regulator and shutoff valve is a 
very important, and the most complicated, component 
of the low-pressure pneumatic system. The unit is actu- 
ated electrically and has a complicated external control 
system which was completely described in Chapter III. 
In addition to the external controls, che unit has built- 
in features that regulate the pressure downstream and 
shut off the air flow whenever the downstream pressure 
or the upstream temperature exceeds certain limits. The 
regulator and shutoff valve controls the flow of ram air, 
through the left boundary-layer ram air distribution 
system, to the forward, intermediate, and upper elec- 
tronic compartments. It must also be open for ram air 
to be available for cockpit ventilation. In this section 
the unit itself will first be described in detail, and then 
we will discuss its operation under various conditions. 


As you can see in figure 4-7, the regulator and shutoff 
valve is installed in the left boundary-layer distribucion 
ducting and is located in the intermediate electronic 
compartment just aft of the cockpit bulkhead. Note 
the смо pressure-sensing lines that connect the unit to 
the downstream ducting. There is also а thermostat in 
the valve body itself just upstream of the shutter. 
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As we have previously learned, the valve is actuated 
electrically. This sounds simple, but it is somewhat 
more complicated than other electrically operated 
valves, The valve shutter is opened or closed by a re- 
versible d-c motor that is very similar to the reversible 
motor that operates cockpit ram air valve. As you will 
remember from the discussion in Chapter III, the direc- 
tion of rotation of the motor armature depends on 
which of the two motor field windings are energized. 
In the cockpit ram air valve, the motor armature is 
connected directly to the shaft of the valve shutter. In 
the pressure regulator and shutoff valve, the armature 
is connected to the shaft by a mechanical clutch. This 
clutch is engaged only when a solenoid is energized. 
This rather interesting arrangement is shown in figure 
4-8. 


How the Regulator and Shutoff Valve Operates. 


Note the worm teeth cut into the extension of che arma- 
ture shaft. This worm is permanently engaged to a 
worm gear. This worm gear, however, is not perma- 
nently connected to the shaft of the valve shutter. Note 
also the three steel balls and their cage (only two show 
in the illustration). The cage is permanently secured 
to the shutter shaft. Now note the three holes, or 
detents, in the side of the worm gear (only two show). 
When the cage is pressed against the worm gear by 
solenoid action, the balls will engage the detents and 
the cage and shutter shaft will be connected to the worm 
gear. When the solenoid is de-energized, the spring 
will force the cap away from the cage and the shutter 
shaft will no longer be connected to the worm gear. 


Now look at the stop collar secured to the cage. Notice 
the spring secured to the collar; when the shutter shaft 
is no longer engaged, this spring will cause the shaft 
to rotate to the closed position and all ram air to the 
distribution ducting will be cut off. This is an import- 
ant “fail-safe” feature, for whenever electrical current 
to the solenoid is cut off for any reason, the valve shut- 
ter will automatically close. When the shutter moves 
to the full open or full closed position, the stop screws 
on the collar will contact limit switches to cut off cur- 
rent to che motor field windings. 


At this stage, you may ask two questions. The first one: 
"How is the electrical current to the solenoid and motor 
controlled?" and the second is probably, "How is che 
downstream pressure regulated?" The simple diagram, 
figure 4-9, will help you understand the discussion. 
Remember we are talking about the built-in control 
system. The external control system was discussed in 
Chapter III. 


How Electrical Current to the Solenoid and 
Motor is Controlled. 


То refresh your memory, the current to the regulator 
and shutoff valve is сас off during armament firing, 
when the airplane is on the ground, when the engine 
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oil pressure is low, or when there is an electrical supply 
failure, Remember also that current is restored to the 
unit, even when the airplane is on the ground, when 
the jet pump is operated. Now, assuming that the exter- 
nal circuit permits current to be available, how is the 
current controlled internally? 


In figure 4-9 you can see that current enters che unit ac 
connection А. From there it flows through the pressure 
switch to the relay switch and on to point 1. From this 
point current flows to the solenoid clutch and the revers- 
ible motor. At this point the solenoid is energized, the 
clutch is engaged, and current is available for the 
reversible motor. The current may or may not be con- 
nected to one or the other of the motor field windings. 
Тһе pressure regulation portion of the pressure regu- 
lator and shutoff valve controls che motor current ас 
this роіпс. You can see that the current from connection 
А to point 1 passes through two switches. 


Тһе first switch is the pressure switch, and will пог- 
mally be closed. This pressure switch is a safety feature 
and will actuate to break the circuit when the down- 
scream pressure reaches about 2 psi. Since the pressure 
is normally regulated to about 1 psi, you can see that 
the pressure switch will actuate only when there is 
some failure in the pressure regulator. The second 
switch is normally closed and is controlled by a nor- 
mally de-energized relay. This relay is energized and che 
switch is opened when the temperature upstream of 
the valve shutter reachs 71°C (160°F) со 74°C (165%Е). 
This causes the thermostatic switch to close and connect 
the relay to power. To sum up, the current to the sole- 
noid clutch and the motor is cut off when either the 
downstream pressure or the upstream temperature 
becomes too high. 


How Downstream Pressure 15 Regulated. 


As we have just learned. the downstream pressure is 
regulated to a value of about 1 psi higher than atmos- 
pheric pressure. Actually, it is regulated to about 1 psi 
higher than the pressure in the intermediate electronic 
compartment. This pressure will normally be very 
slightly higher chan atmospheric pressure, but will not 
exceed a differential of about 0.3 psi. Notice in the dia- 
gram (figure 4-9) that power from point 1 is not con- 
nected directly to che motor field windings, but is con- 


.nected to two microswitches, one for each field winding. 


Notice also that power is connected to contact C on each 
of the switches. The open field winding of the motor 
is connected to contact B on one microswitch, and che 
close field winding is connected to contact B on the 
second microswitch. You will note also that both field 
windings are connected to ground. This is the normal 
condition when the downstream pressure is within the 
required limits. 


You can see the arm attached го the piston and dia- 
phragm in a control chamber which balances down- 
stream pressure against a spring and atmospheric, or 
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Figure 4-8. Solenoid Controlled Clutch 
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Figure 4-9. Pressure Regulator and Shutoff Valve Electrical Schematic 


electronic compartment, pressure. The pressure sens- 
ing line connects one side of the diaphragm to the 
downstream ducting. When air is not flowing in che 
ducting, downstream pressure will equal atmospheric 
pressure and the diaphragm spring will hold the dia- 
phragm, the piston, and the arm at the open micro- 
switch. The acm will depress the button and connect 
the open field winding to power through contacts B 
and С. The motor will then curn to move the valve 
Shutter toward the open position, and air will flow 
through the ducting if the airplane is moving. 


As the downstream pressure builds up, the diaphragm 
will move to compress the diaphragm spring. When the 
downstream pressure becomes about 1 psi above atmos- 
phéric pressure, the diaphragm will move its piston 
and the arm away from the button оп the open micro- 
switch. The spring in the microswitch will then break 
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the circuit to the open winding, and the motor will stop. 
Тһе solenoid clutch will hold the shutter in the posi- 
tion it is in when the motor stops. Аз long as the pres- 
sure remaíns constant, the motor and shutter will not 
move. If the pressure increases too much, the down- 
stream pressure will compress the diaphragm until the 
close circuit is energized. 


The motor will then move the shutter toward the 
closed position. This OPEN, OFF, CLOSE action is 
continuous and the position of the shutter changes 
continuously in a "modulating" action to maintain a 
constant downstream pressure. Тһе simplified cross sec- 
tion (figure 4-10) shows the actual physical arrange- 
ment of the pressure regulation portion of the regulator 
and shutoff valve. Notice that the diaphragm travel, 
and therefore the piston and arm travel, is very limited. 
Only a slight change in pressure is sufficient to ener- 
gize either of the motor field windings. 
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Figure 4-10. Pressure Regulation Section of 
Pressure Regulator and Shutoff Valve 


Thermostatic and Pressure Switches. 


Now that you understand how the downstream pres- 
sure is regulated we will return to the смо “built-in” 
electrical control features, the chermostatic switch and 
the pressure switch. Actually these controls are safety 
features that cause the valve to close when certain 
unwanted conditions exist. Ás you can see, the thermo- 
static switch is mounted in the valve body just upstream 
of the valve shutter. The сһегтоѕгасіс switch makes 
use of the different expansion properties of differenc 
metals, one piece brass and the other iron. When they 
are cold, the pieces will be straight; but if they are 
heated, the brass will expand more than the iron and 
the iron will tend to bend away from the brass side. 
This principle can be used in a switch by positioning a 
contact so that a circuit will be completed when the 
bimetallic elements bend to a certain position. The ele- 
ments will reach this position at a certain definite tem- 
perature, therefore the arrangement is called a ther- 
mostatic switch. 


In the pressure regulator and shutoff valve, the thermo- 
static switch will close when the air temperature just 
upstream of the valve shutter reaches 71°C (160°F) to 
74°С (165*F). This will energize the relay and break 
the circuit to the clutch solenoid and the electric motor 
(see figure 4-9). The chermostatic switch will not reopen, 
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de-energizing the relay, when the temperature drops 
about 3°C (5°Е) lower than the closing temperature. 
For example, if the switch closes ac 72°C (162°F), it 
will reopen at 69°C (157°F). 


The pressure switch is the second of the safety control 
features. The upstream pressure varies from 1 to 9 psi 
above atmospheric pressure depending upon the speed 
of the airplane. The pressure switch senses downstream 
pressure from the smaller of the two sensing lines and 
opens the electrical circuit to the clutch solenoid and 
the electric motor when the downstream pressure 
reaches about 2 psi. (See figure 4-9.) 


If the pressure regulating diaphragm should rupture, 
the diaphragm spring would cause the open field circuit 
of the motor to energize and the shutter would move 
to the wide open position. Little harm would result at 
lower airplane speeds, but at higher speeds the exces- 
sive pressure could rupture the comparatively light 
aluminum ducting. 


Now notice the indicator on the face of the pressure 
switch. When the pressure switch has ot been acti- 
vated, the indicator will point to NORMAL. If the indi- 
cator points to OVER PRESSURE, the switch has been 
activated and the electrical circuit has been broken. 


Ма AIRFLOW 


THERMOSTATIC 
SWITCH — 


| | RAM AIR PRESSURE 
REGULATOR & 
8TM50903 SHUTOFF VALVE (REF) 


Figure 4-11. Thermostatic Switch 
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Once the switch has been activated, the pointer will 
stay at OVER PRESSURE, the switch wil! be inoper- 
ative, and the valve will stay closed until the pointer is 
manually turned to NORMAL, Since the indicator 
pointing at OVER PRESSURE usually means that the 
pressure regulating diaphragm is ruptured, you should 
always replace the entire unit rather than move the 
pointer. Your Е-102А technical order maintenance 
manual Т.О. 1Е-102А-2-6, has the instructions for re- 
placing chis component. 


Valve Shutter Operation. 


So far we have discussed the various controls and mech- 
anisms that control or activate the valve shutter, but we 
have not discussed the shutter itself. You can see, in 
figure 4-13, that the shutter is a butterfly type and that 
there is another smaller butterfly shutter built in the 
main butterfly. The small one is called the "pilot" 
butterfly. Note that the shutter shaft passes through 
the main shutter but is zoz directly connected to it, but 
rather by linkage to the pilot butterfly. The use of a 
pilot butrerfly allows the main butterfly shutter to be 
operated with much less force than would otherwise 
be required. This idea will be easier со understand if 
you look at the illustration (figure 4-13). 
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It is obvious that the air upstream of the shutter will 
exert an equal pressure on all parts of the shutter. If 
the pilot butterfly is closed, there is an equal force 
against both the top and the bottom halves of the shut- 
ter. Since the forces are equal, there will be no tendency 
for the air pressure to open the shutter, and the entire 
force necessary to turn the shutter must be supplied by 
the motor. If a portion of the shutter surface were 
removed the total force on one half of the shutter would 
be less than the force on the other half. This unbalance 
of force would cause the shutter to open. The amount 
of opening would depend on the difference of the total 
forces, In this case, the force on one half of the shutter 
is reduced by opening the pilot butterfly. The larger 
the pilot opening che further the main shutter will open. 


Та figure 4-15, note that the shutter is not at right 
angles to the valve body and the entire movement from 
full close to full open is only 75° instead of 90". The 
first 50% of this movement is controlled only by the 
opening of the pilot butterfly and the resulting unbal- 
anced force is exerted by the air pressure on the shutter. 
After the full 50° movement, the linkage, from the 
shutter shaft to the pilot butterfly, can no longer turn 
the pilot butterfly and the linkage will bear directly 
against the main shutter, The last 25° of shutter move- 
ment is controlled by the force of the motor applied 
to the shutter through the linkage. 
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Figure 4-13. Pressure Regulator and 
Shutoff Valve Shutter 


Operation of the Ram Air Pressure Regulator 
and Shutoff Valve During a Typical Mission. 


After having thoroughly covered the pressure regulator 
and shutoff valve and its various interlocking controls, 
perhaps a description of its operation during a typical 
mission would help. Suppose that the airplane is on 
the ground with its engine off. In that case chere would 
be no power to the unit because there would be no oil 
pressure. When the pilot starts the engine, che oil pres- 
sure builds up, but there will still be no power to the 
unit because the landing gear safety switch breaks the 
circuit. The pilot places the chrottle at IDLE for a 
brief warm-up. This bypasses che ground safety switch 
and power is supplied to the regulator and shutoff valve. 
The valve opens and at the same time che jet pump 
shutoff valve opens, permitting a reverse flow of air 
through the left boundary-layer ducting. Since the pres- 
sure will be low, the butterfly shutter of the regulator 
and shutoff valve will be wide open. Now as the pilot 
prepares to take off, he advances the throttle past the 
IDLE position. The jet pump shutoff valve and the 
pressure regulator and shutoff valve will close since 
neither can be open оп the ground when the chrotcle 
is notat IDLE. 


As the airplane leaves the ground and its weight is 
removed from the landing gear, the safety switch opens, 
and current flows to the pressure regulator and shutoff 
valve causing the shutter to move to che wide open posi- 
tion. Ав the airplane speed increases, che duct pressure 
increases above 1 psi and the pressure regulator will 
cause the shutter to close enough so that the pressure 
downstream stays at about 1 psi. 


Now if the armament is to be fired, the power to the 
unit is cut off when the armament bay doors open. The 
butterfly shutter will close. After armament is fired the 
doors will close and power will be restored after a three 
or four second delay. Of course, the airplane will be 
flying very fast, so ram air pressure will be high. The 
pressure regulator will react very fast and prevent the 
shutter from opening very wide. Аз the pilot returns 
for a landing, he reduces his speed; the ram air pres- 
sure drops and the shutter opens wider. 


At about the moment the airplane wheels touch the 
ground, the pilot places the throttle ас IDLE and the 
jet pump shutoff valve opens. If the weight of the air- 
plane should be on the landing gear before the throttle 
is placed at IDLE, the pressure regulator and shutoff 
valve would close and then reopen as soon as the throt- 
tle is placed at IDLE. It will close immediately when 
the engine is turned off. 


We have just described a normal mission. Now, suppose 
it is a very hot day. When the airplane is flying 
extremely fast at low altitudes, the ram air temperature 
might reach 71°С (160°). At about that temperature, 
the thermostatic switch would close and remove power 
to the solenoid and motor, and the shutter would close. 
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Figure 4-14. Cross Section of Shutter with 
the Pilot Butterfly 


The switch would not reopen to restore power until 
the ram air temperature drops 3°C (5°F) from the clos- 
ing temperature. Since air temperature normally drops 
as the airplane climbs and since the F-102A performs 
its mission at high altitudes, the valve shutter will be 
closed for a very short time only because of high ram 
air temperatures. The rupture of a regulator diaphragm 
is much more serious since the pressure switch would 
open and cut the power to the solenoid clutch as soon 
as the ram air pressure reaches about 2 psi. Once closed, 
because of a ruptured diaphragm, the valve shucter will 
stay closed until the unit can be replaced on the ground. 
АП cooling air for the electronic compartments must 
then come from the cockpit discharge duct. 


MAINTAINING THE RAM AIR PRESSURE 
REGULATOR AND SHUTOFF VALVE. 


Maintaining the ram air pressure regulator and shutoff 
valve in the Е-102А airplane is fairly simple. During 
your periodic tests and inspections, always check the 
indicator on the pressure switch. If it points to OVER 
PRESSURE you must replace che whole unit. Instruc- 
tions for replacing the switch are given in Т.О. 1F- 
102А-2-6. Be sure that the pressure sensing lines are 
tightened properly and do not leak. Refer back to 
Chapter ПІ for a discussion оп maintaining pressure 
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Figure 4-15. Shutter Operation 


sensing lines. Although certain parts of the unit, such 
as the diaphragm, thermostatic switch, and pressure 
switch, can be replaced or adjusted, do not do this on 
the flight line. If che unit does not operate properly, 
replace it and turn the old one in for repairs. 


THE JET PUMP. 


Тһе jet pump consists of six nozzles which аге con- 
nected through a shutoff valve to the bleed air supply 
line. As shown in figure 4-6, the nozzles are mounted 
near the lefr boundary-layer ram air intake and point 
forward and out of the intake. When the jet pump 
valve is орен, hot bleed air leaves these nozzles in a 
high-velocity jet stream. This jet stream creates a 
suction in the distribution ducting and results in a 
flow of "cooling" air through the forward, inter- 
mediate, and upper electronic compartments. In chis 
section, we will discuss the jet pump control system, the 
jet pump ducting, and the shutoff valve. 


Jet Pump Ducting. 


The jet pump ducting consists of several short sections 
of stainless steel ducting. Since hot air will normally 
flow through this ducting only for short periods of 
time, this ducting is not insulated. The ducting is two 
inches in diameter and che sections are clamped to- 
gether in the manner as described in Chapter II for all 
bleed air ducting. 
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The Jet Pump Contro! System. 


Operation of the jet pump 15 controlled by an electrical 
system that monitors the flow of current to the sole- 
noid-controlled, pneumatically-actuated shutoff valve. 
Тһе electrical control system is shown in figure 4-16. 
This control system should look familiar because cer- 
tain components also appeared on the wiring diagrams 
which you studied in Chapter ІП under the cockpic air 
flow control system. You should remember the main 
landing gear safety switch, the cabin air relay, and the 
throttle position switch. As you learned, the shutoff 
valve is solenoid-controlled. The flow of current to the 
solenoid depends on che posicion of the cabin air relay 
switches (which depend on the ground safety switch) 
and the throttle position switch. The overhear detec- 
tion system breaks the circuit to the solenoid whenever 
the airplane structure near the jet pump nozzles 
becomes too hot. 


АП switches and relays are shown in the position they 
assume when the airplane is on the ground, the throttle 
is at IDLE, and the shutoff valve is open, The structure 
overheat relay is shown de-energized; that is, the struc- 
ture temperature is below the maximum allowable 
temperature. Note the parts of the diagram within the 
dotted box. Those parts make up the warning system 
that operates if the control system becomes defective. 
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Figure 4-16. Jet Pump Electrical Control System Diagram 
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The shutoff valve will open if its solenoid is energized, 
and will close when it is de-energized. Follow che dia- 
gram step by step while we "guide the current" ro the 
solenoid. Note that power comes from the 28-volt d-c 
essential bus to contact 4 on the cabin air relay. From 
there current flows through the switch to contact 3 and 
then to connection B on the throttle position switch. 
If the throttle is at IDLE, current will flow through the 
switch to connection C, and then through point X to 
contact 10 on the cabin air relay. From contact 10, the 
current passes through the switch to contact 9 and on 
to contact 4 on the overheat relay. It continues through 
the switch to contact 5 and on ro connection А on the 
shutoff valve solenoid. The current has passed through 
two switches on the cabin air relay, che switch in che 
overheat relay, and the throttle position switch. 


All of chese switches must be in the position shown for 
the current to reach che solenoid. The ground safety 
switch is actuated to provide a path to ground for the 
cabin air relay. The throttle must be at IDLE and che 
overheat relay must not be energized. The structure 
overheat system is completely described in another 
supplement of chis training series which covers the )57 
Power Plant Installation. 


То summarize the control system, the solenoid should 
be energized when the airplane is on the ground, the 
throttle is at IDLE and the structure near the nozzles is 
not too hot, The cabin air relay solenoid de-energizes 
as (һе airplane leaves the ground, when the throttle is 
advanced, or when the airframe structure overheats. 
The ram air pressure regulator must be open when the 
jet pump is operacing, and will be open on the ground 
if the throttle is at IDLE and the engine is running. 


Since the pilot cannot observe the jet pump control 
system directly, a warning system is provided to warn 
him of malfunctions in the system. А warning light 
labelled ELECTRONIC COOLING is installed in che 
cockpit and will light when апу one of the following 
three conditions of malfunctions exists: 


1. Valve closed when airplane is on ground and 
throttle is ас IDLE. 

2. Valve open when airplane is on ground and сћгог- 
tle is advanced beyond IDLE. 

3. Valve open when overheat relay is energized. 


These are, of course, only three of the defects that might 
possibly occur in the jet pump control system. The 
warning system to be found in later production air- 
planes will indicate some additional defects. In the dia- 
gram, notice the master warning box and the warning 
lights. Whenever current reaches the box, the warning 
lights light. Current to the master warning box is con- 
trolled by position switches actuated by the shutter 
shaft of che shutoff valve. The switch will always be in 
the open or closed position. If it is in a particular posi- 
tion ar the wrong time, current will be fed into the 
warning box to light the lights. 
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То understand more fully how this warning system 
operates, let's examine what happens when we have the 
first of the defects listed above. When the airplane is оп 
the ground and the throttle is at IDLE, the shutoff valve 
should be open. If it is closed, the position switch on 
the diagram will be at CLOSED and current will pass 
to the warning box through the switch across contacts 
9 and 10 on the cabin air relay and point Y. The warn- 
ing lights will light. In chis event, the electronic equip- 
ment should be turned off immediately to prevent over- 
heating, and the defect must be remedied. 


If we have the second defect—that is, the valve is open, 
the airplane is on the ground, and the throttle is beyond 
the IDLE position—the position switch will be at the 
OPEN position. Power will then reach the warning 
lights through contacts 4 and 3 on the cabin air relay 
and connection B and А on the throttle position switch. 


If we have the third defect—that is, the valve is open 
when the overheat relay is actuated, we have a longer 
route to trace the current path. Current will reach the 
warning lights chrough the position switch at OPEN 
and contacts 4 and 3 on the cabin air relay, connections 
B and C on the throttle position switch, point X, con- 
tacts 10 and 9 on the cabin air relay, and contacts 4 and 
3 on the overheat relay. 


The Jet Pump Shutoff Valve. 


The jet pump shutoff valve is a pneumatically-actuated, 
solenoid-controlled valve of rugged construction. You 
can understand why іс must be rugged if you consider 
that it controls the flow of bleed air wich a temperature 
as high as 385*C (725*F) and a pressure as high as 220 
psi. In figure 4-17, note that the shutoff valve consists 
of a valve body, a pneumatic actuator, and a control 
solenoid. Note also the position indicator switches on 
the shutter shaft extension and the arrow on the valve 
body. The valve must always be installed with this 
arrow pointing downstream. The shutoff valve will not 
open if the valve is installed with the arrow pointing 
upstream. 


In the simplified schematic of the assembly shown in 
figure 4-18, note that the shutter shaft is connected to 
the actuator shaft through two gears. The actuator 
Shaft rotates to open or close the shutter. Compressed 
air furnishes the pressure or force required to open the 
valve shutter. This air pressure is supplied by the hot 
bleed air through a port just upstream of the valve 
shutter. The air is chen conducted through the actuator 
housing and is vented into a "balancing chamber" in 
the control solenoid. From the balancing chamber, air 
pressure is fed into either the CLOSE or the OPEN 
actuator pressure chamber. Тһе position of the balance 
cylinder (which depends on whether the solenoid is 
energized or not) determines which chamber is pres- 
surized. Note rhat the two pressure chambers are sep- 
arated by a piston assembly. 


Q L 


When the upper, or OPEN, chamber is pressurized, the 
piston assembly is forced down and the shutter opens. 
When спе CLOSE chamber is pressurized, the piston 
assembly is forced up and the shutter closes. The piston 
spring will hold the assembly in the closed position if 
neither chamber is pressurized. Now, you are probably 
wondering just how a movement of the piston assem- 
bly causes the shutter to move. Note in figure 4-19 that 
the piston is hollow inside and that the inner surfaces 
are rifled like a rifle bore. Also note the "lands" or 
raised portions of the rifling. 


You can also see that two large rollers are on the end of 
the actuator shaft. The shaft and rollers fit inside the 
Ipiston. When the piston is forced up or down, the lands 
‘engage the rollers and cause the actuator shaft to rotate. 
This rotation is transmitted to the shutter shaft by the 
по gears, and the shutter is opened or closed. Note the 
sealing ring around the edge of the shutter. This ring 
and shutter are very similar to the ring and shutter 
described in Chapter II when we discussed the flow 
control valve. Refer back to figure 4-18. Note the piston 
guide ас «һе bottom of the piston and the stop screw 
at the top. The guide not only guides the piston move- 
ment but acts as a stop to prevent further pressure to 
the actuator shaft after the shutter is fully open. The 
adjustable stop screw at the top prevents further pres- 
sure after the shutter is closed. 


As mentioned, che position of the shutrer depends on 
which actuator chamber is pressurized and that depends 
on whether the solenoid is energized or not. Note in 
figure 4-20 that the solenoid works on the principle of 
an electromagnet. In the first part of the illustration 
note that when the solenoid 15 de-energized, the return 
spring will hold the balance cylinder in the close posi- 
tion, thus pressurizing the CLOSE pressure chamber. 
Хом can see that che OPEN chamber is vented through 
the solenoid assembly. When the solenoid is energized 
(shown ia the lower half of the illustration) the bal- 
ance cylinder is forced down and the OPEN chamber is 
pressurized. The CLOSE chamber is vented through the 
hollow balance cylinder and the solenoid assembly. 


Тһе actuator and solenoid assembly has two "fail-safe" 
features. First, the solenoid return spring will hold the 
balance cylinder in the CLOSE position to pressurize 
the CLOSE pressure chamber whenever current to the 
solenoid is cut off. Second, the piston spring will cause 
the piston and the shutter to move to the closed posi- 
tion whenever all pressure is removed from the actuator. 


"The position indicator mounted on the jet pump valve 
із actuated by the shutter shaft. Note in figure 4-21 
that a pointer attaches to the extension of the shutter 
shaft. You can also see the microswitch on the bracket 
ас the end of the shaft. The pointer actuates the micro- 
switch when the shutter is in the CLOSED position. The 
fnicroswitch then signals the master warning box as 
Shown in figure 4-16. Notice also that the bracket is 
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Figure 4-17. Jet Pump Shutoff Valve 


marked CLOSED and OPEN to enable you to visually 
check the position of the shutter. 


There is very little that you can do with the shutoff 
valve assembly. You can check its position under the 
various operating conditions already described. The 
warning system can also give you indications of trouble. 
If the valve does not operate properly, replace it as 
described in T.O. 1F-102A-2-6. You should also check 
the control system in the same manner as described for 
electrical control systems in Chapter 11. Áccess to the 
jet pump valve can be obtained through either the 
intermediate or the upper electronic compartment. 


GROUND AIR CONDITIONER FITTING. 


Аз mentioned earlier in this chapter, a ground air-con- 
ditioner is connected to a fitting of the forward bulk- 
head of the nose wheel well whenever electronic equip- 
ment is being operated on the ground. The fitting con- 
sists of a square plate hinged at the top and normally 
fastened to the bulkhead at the bottom. When attaching 
the ground air-conditioner, simply unfasten the plate 
at the bottom, then swing it up and insert the ground 
tube through the round hole in the bulkhead and into 
the lower plenum of the forward electronic compart- 
ment. Be sure this plate is secured before the airplane 
takes off. As you will note in figure 4-22, a small flap 
on the plate acts as a relief valve. 
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Figure 4-18. Jet Pump Valve and Actuator Schematic 
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Figure 4-19. Jet Pump Shutter Drive Mechanism 
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Figure 4-20. Solenoid Control of the Actuator 
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Figure 4-21. Jet Pump Valve Position 
Switch and Indicator 


FORWARD ELECTRONIC COMPARTMENT 

RELIEF VALVE. 

We have learned that the forward electronic compart- 
ment contains two chambers or plenums and that the 
lower plenum acts as a manifold for distributing air to 
the upper plenum which contains the electronic equip- 
ment. During normal operations, air enters this plenum 
from both the cockpit discharge duct and the boundary- 
layer distributing duct. The air pressure in the boun- 
dary-layer duct is normally regulated at about 1 psi 
over atmospheric pressure, and a pressure switch will 
shut off the air flow through the boundary-layer duct 
when the pressure reaches about 2 psi. Two psi is a 
higher pressure than is desired in the lower plenum 
because this plenum is constructed of rather light таге- 
rial. For this reason, a spring-loaded flap, or relief valve, 
is installed in an opening on the plate over the ground 
air conditioner fitting. This flap, shown in figure 4-22, 
opens when the lower plenum air pressure reaches about 
1.5 psi. Air flows into the nose wheel well and helps cool 
the intermediate and upper electronic compartment. 


| INTERMEDIATE AND UPPER ELECTRONIC 


COMPARTMENTS RELIEF VALVE. 


Earlier in this chapter, you learned that a relief valve 
is installed on the floor of the upper electronic com- 
partment. All air that enters the intermediate and upper 
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electronic compartments leaves through this valve and 
flows into the armament bay where it discharges over- 
board through the door hinges. Because of the large 
flow of air, a large opening is necessary. Ап open hole in 
the electronic floor will not suffice for the purpose. Àn 
open hole is not possible for two reasons: first, exhaust 
fumes from armament firing must not "backflow" into 
the electronic compartment; and second, the electronic 
compartment must be slightly pressurized to help the 
electronic equipment function properly at high alti- 
tudes. А relief valve is therefore installed in the open- 
ing. This valve maintains the electronic compartment 
pressure at a pressure altitude of 50,000 feet when the 
airplane is at 55,000 feet. 


The relief valve is a simple, automatic-type that should 
give little maintenance difficulties. Notice in figure 
4.23 that the valve is spring-loaded. Whenever the 
pressure in the upper compartment exceeds the ргев- 
sure in the armament bay, the valve will open. When 
the pressures are equal, the spring will keep the valve 
closed. The valve will not allow the pressure differential 
to exceed about 0.3 psi. As the electronic compartment 
pressure starts to increase, the valve opens wider to keep 
the pressure constant. Since there is no fabric or rubber 
diaphragm in this valve, it should have a long service 
life and require no maintenance. 


UPPER ELECTRONIC COMPARTMENT CHECK VALVE. 
А check valve connects the upper electronic compart- 
ment to the left engine intake duct. This valve has 
double flappers that open іп one direction only; that i: 
the flappers open away from the upper electronic com- 
parcment. When the pressure in the electronic compart- 
ment is greater than the left engine intake duct pressure, 
the flappers open and air is drawn from the compart- 
ment. Тһе valve is of very simple mechanical construc- 
tion and should cause no difficulties in maintenance. 
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Figure 4-22. Ground Air Conditioner Fitting and 
Forward Electronic Compartment Relief Valve 
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GENERATOR COOLING. 


Тһе a-c and 4-с generators are cooled by air from the 
engine intake. These generators are mounted in the 
engine accessory section on the right side of Фе fuse- 
lage. They are driven by a constant-speed drive unit 
that is connected to the engine. Note in figure 4-24 
that a generator is mounted on each end of the drive 
unit, INote also the aluminum ducting connected to the 
engine intake just forward of the engine compressor 
which conducts air through both generator housings. 
When the airplane is flying at speeds over 150 knots 
IAS (indicated air speed), the ram air pressure in the 
air intake forces air through the generator housings 
and into the engine accessory compartment through the 
flapper door assembly. This air helps prevent the engine 
accessory compartment from overheating. 


Note also that air is tapped from the ducting near the 
aft end and is conducted to the rudder assembly to cool 
the IFF units. When the airplane is on the ground or is 
flying at a speed less than about 150 knots IAS, the com- 
pression or suction of the engine will be greater than 
the ram air pressure. This results in a negative pres- 
sure, or suction, in the engine intake. In this case, the 
flapper door to the accessory compartment will close 
and another one will open to atmosphere. Air will chen 
be drawn from outside the airplane, thr^ugh the gen- 
erators and into the engine intake where it is drawn 
into the engine. Air is also drawn from the fin to cool 
the ТЕЕ units. Аса speed of about 150 knots IAS, the 
ram air pressure will balance the compressor suction 
and there will be no flow of cooling air through the 
generators. Тһе closer to 150 knots IAS the airplane 
flies, the less air will flow through the generators. 
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Figure 4-23. intermediate and Upper Electronic Compariment Relief Valve Schematic 
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Figure 4-24. Aircraft Generator Cooling 
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Chapter V 


PRESSURIZATION OF OPERATING SUBSYSTEMS 


Contents 


Where the Compressed Air Comes From ... 


Pressurized Subsystems .... 


So far in this manual you have learned of the most 
important functions of the Low-Pressure Pneumatic 
System. These functions are cockpit air-conditioning 
and pressurization, and the electronic compartment 
ventilation. You also learned about the air supply sys- 
tems. In this chapter we will discuss those systems, or 
subsystems, that are not operated by low-pressure air 
but require a supply of compressed air со function prop- 
erly. Most of these sub-systems are fully covered in 
other manuals of this series. Some of them will be cov- 
ered completely only in this manual. Those subsystems 
discussed in other manuals will be described briefly in 
this chapter while the remaining subsystems will be 
covered completely. 


WHERE THE COMPRESSED AIR 
COMES FROM. 


From Chapters I and II you should recall that the low- 
pressure pneumatic system furnishes several different 
kinds of air for various purposes. Ram air is normally 
used for electronic compartment ventilation and can 
also be used for cockpit ventilation. Unconditioned 
bleed air, tapped from the second or IN; compressor of 
the J57 engine, is used in the anti-icing system, rain 
Clearing system, and in the jet pump cooling system. 
Air which has been conditioned by the refrigeration 
unit is used for cockpit air conditioning and pressuriza- 
tion. Bleed air that has passed through che heat ex- 
changer, but not through the expansion turbine, is 
called partially-conditioned bleed air. 


It is unconditioned М; bleed and partially-conditioned 
Ма bleed air that we are concerned with in this chapter. 
‘Notice in figure 5-1 that two subsystems are pressurized 
Бу unconditioned М; bleed air and four are pressurized 
Њу partially-conditioned N, bleed air from the heat 
jexchanger. You can see also that one subsystem, the 
(ме! tank pressurization system, uses not only partially- 
\conditioned М, bleed air but also unconditioned М, 
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bleed air. As a brief review: N, air is tapped, or bled, 
from the last stage of the forward, or М), engine com- 
pressor; while М; air is bled from the last stage of the 
second, or №, compressor. Unconditioned №, air always 
has a lower temperature and pressure than uncon- 
ditioned N, air. 


TAPPING UNCONDITIONED N, BLEED AIR. 


Unconditioned Nz bleed air for two of the subsystems, 
hydraulic reservoir pressurization and the elevon arti- 
ficial fuel system, is tapped from the aft duct section of 
the main bleed air supply line. In figure 5-2 you can see 
that one pressure fitting is set into che duct section near 
the N; bleed air manifold. Notice the standard AN 
“TEE” connected to the pressure fitting. Two 14-inch, 
stainless-steel, pressure lines connect to che "TEE" апа 
carry pressurized air to the two subsystems. The air 
pressure and temperature in the pressure lines will vary 
but the pressure may be as high as 225 psi and the tem- 
perature may be as high as 427°C (800°F) under certain 
conditions. 


TAPPING PARTIALLY-CONDITIONED 
М; BLEED AIR. 


Partially-conditioned М; bleed air for four of the sub- 
systems is tapped from the heat exchanger. You should 
remember from our previous discussions, that the heat 
exchanger is part of the refrigeration unit. Notice, in 
figure 5-3 that there is a manifold across the forward end 
of the heat exchanger. You can see the two pressure fit- 
tings on the manifold. Notice that one of the fittings is 
connected to a "TEE." Two Мд-іпсі, stainless-steel, 
pressure lines connect to the "TEE." One of these lines 
carries partially-conditioned air to the pilot's G-suit 
system, another carries partially-conditioned air to both 
the canopy seal and the glycol tank in the radome anti- 
icing system. А third pressure line carries parcially- 
conditioned М, air to the fuel rank pressurization sys- 
tem. The pressure and temperature of this partially- 
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Figure 5-2. Unconditioned М, Bleed Air 


conditioned М, air varies with operating conditions 
but may Бе as high as 80 psi and 93°C (200°F). Remem- 
ber that no partially-conditioned № bleed air is avail- 
able when the main flow control valve is closed. 


TAPPING UNCONDITIONED N, BLEED AIR. 


Unconditioned N, bleed air is tapped from the alter- 
nate-cooling bleed air duct. Notice in figure 5-4 that this 
duct connects the last stage of the engine N, compres- 
sor section to the engine-shroud cooling air duct. The 
engine cooling system is covered in another training 
manual of this series. To put it very briefly, and by no 
means completely, ram air is drawn from the engine 
intake and passed through an engine oil cooler. After 
that the cooling ram air is conducted to the engine 
shroud cooling manifold. It then passes aft between the 
engine and its shroud. This layer of air helps keep the 
shroud, and the airplane fuselage, from becoming too 
hot. 


Now, below 150 knots IAS (indicated air speed), the 
compressor creates a vacuum in the engine inlet and a 
check valve in the cooling duct prevents a reverse flow 
of air through the duct. During this condition, the 
alternate cooling air shutoff valve opens and N, air is 
forced into the cooling manifold in place of ram air. 
Notice the pressure fitting in the alternate cooling duct- 
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Figure 5-3. Heat Exchanger Pressure Manifold 


ing just upstream from the shutoff valve. А V4-inch 
pressure line connects to this pressure fitting and con- 
ducts №, air pressure to the fuel tanks. Remember that 
this is only one source of air pressure for che fuel tanks. 
They also are pressurized by partially-conditioned N; 
air from the heat exchanger. The pressure and tempera- 
ture of unconditioned N; air will vary but under some 
conditions it may be as high as 65 psi and 205°C (400°F). 


PRESSURIZED SUBSYSTEMS. 


In this section we will very briefly discuss those systems 
that are pressurized by air from one of the three sources 
discussed above. Those systems that are completely cov- 
ered in other training manuals of this series, or in other 
chapters of this manual, will be covered only as far as 
it is necessary to show how they are pressurized and why 
they are pressurized. The canopy seal is very important 
to the proper operation of the cockpit pressurization 
system; therefore, we will discuss it more completely. 


PRESSURIZATION OF HYDRAULIC RESERVOIRS. 


Both the primary and secondary hydraulic systems have 
a pressurized fluid reservoir located in the hydraulic 
accessory compartment. In addition со other duties, the 
reservoirs are storage containers for the hydraulic fluid 
not at work in the system. They filter the fluid and aid 
the hydraulic pumps in drawing fluid through rhe suc- 
tion line without cavitation, or vapor locks, ас che 
pumps. Both pumps have filters and are pressurized 
with unconditioned N, bleed air. Since the М; pressure 
will vary, each reservoir has its own air pressure regu- 
lator that holds the air pressure in the reservoir constant 
at about 50 psi. This pressure gives a pressure "head" 
to the fluid in the pump suction line and helps the pump 
operate more efficiently. 
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Figure 5-4. М, Bleed Air Pressure Tap 


In figure 5-5 note that the pneumatic pressure line, 
connected to the "TEE" at the aft duct section, is 
secured to the reservoir pressurization system by a 
quick-disconnect coupling near the reservoirs. Notice 
that the pressure line then goes to a “ТЕЕ” from which 
separate lines go to each air pressure regulator. The 
regulators are the diaphragm type and are considered 
part of the hydraulic system; therefore, we will not 
discuss them further. 


Quick-Disconnect Couplings. 


Ав we learned above, the pressure line from the aft duct 
section is secured to the reservoir pressurization system 
by a quick-disconnect coupling. You will encounter 
this type of coupling in various parts of the pressurized 
subsystems. This coupling is a self-sealing type and 
consists of two self-sealing halves. Each half is con- 
nected to the end of a tube section. When uncoupled, 
both halves automatically seal themselves to prevent 
leakage that would ordinarily pour out through an 
opening. 


Figure 5-6 shows a typical quick-disconnect coupling 
used in the F-102A. Notice that in the upper part of 
the illustration the two self-sealing sections are shown 
disconnected, while in the lower view they are shown 
correctly coupled. No tools are required for this con- 


nection. Simply hand-tighten the union nut until the 
lock teeth engage the lock spring assembly. When the 
lock teeth and spring assembly are correctly installed, 
the back side of the union nut will be flush with the 
flange on the valve. This type of coupling simplifies 
ground tests since the pressure supply line can be 
quickly disconnected and pressurized air from a ground 
source substituted. 


ELEVON ARTIFICIAL FEEL SYSTEM. 


The elevon artificial feel system is a part of the airplane 
flight controls and is discussed in another manual of 
this series, However, since an important component of 
the system is supplied with unconditioned М; bleed air 
tapped from the aft duct section, we will discuss it 
briefly. 


In conventional, low-performance airplanes, the differ- 
ent control surfaces are moved by cables connected to 
the control stick and rudder pedals. The pilot is able 
to feel che force of the airstream striking the control 
surfaces. The faster the airplane flies and the more 
extreme the position of the control surfaces, the greater 
is the force resisting further movement. This feel, simi- 
lar to “road sense” in an automobile, is very important 
to the pilot. і 
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Figure 5-5. Нуагашіїс Reservoir Pressurization 


In modern, high-performance airplanes the control 
stick and rudder pedals are not connected directly to 
the control surface. The force needed to move control 
surfaces at high speed is so great that a "power steering" 
system is necessary. Іп the Е-102А airplane, control 
cables connect the control stick and rudder pedals to the 
hydraulic actuating systems that actually do the work. 
Just as the power steering system in an automobile 
insulates che driver from the "feel of the road,” the pilot 
cannot feel the force of the airstream against the control 
surfaces. This can result in dangerous "over control- 
ling." Thus, artificial feel systems are necessary to pro- 
vide resistance to control movement. This resistance 
must vary with the speed and altitude of the airplane 
and the position of the control surfaces. 


In most airplanes there are three types of control sur- 
faces: the rudder, the ailerons, and the elevators. You 
probably know that the rudder controls movement of 
the airplane to the right or left, the elevators can cause 
the airplane to climb or dive, and the ailerons can cause 
it to bank or roll. In the F-102A, the elevators and 
ailerons are combined into one set of control surfaces 
called "elevons." The elevons can cause both elevator 
or aileron movement or a combination of the two. Each 
of the three types of movement has its own artificial-feel 
system. The rudder and the aileron artificial-fee] sys- 
tems do not use low-pressure pneumatic air so we will 
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not discuss them further. The elevator artificial-feel 
system uses unconditioned М; bleed air and is dis- 
cussed below only so far as its use of N, air is concerned. 


The artificial-feel system that provides resistance to an 
elevator movement is illustrated in a simplified dia- 
gram, figure 5-7. Ав you сап see, the movement of the 
contro! stick, in fore and aft directions only, is resisted 
by a centering spring and the air pressure in the feel 
force cylinder. The pressure of the air in the cylinder, 
and therefore the resistance, is controlled by the ele- 
vator "Q" system loader. This rather complicated com- 
ponent consists of a system of bellows and pressure 
chambers. The loader senses several different air pres- 
sures, compares and balances them, and varies the pres- 
sure in the feel force cylinder as the airplane speed and 
altitude varies. 


In figure 5-8, note that the loader senses pressure from 
both the rudder and elevator "Q" intakes. These intakes 
measure ram air pressure which increases with airplane 
speed and decreases with altitude. The loader also re- 
ceives IN; bleed air pressure from the aft duct section. 
In addition the loader is vented to atmosphere. You can 
see that the "Q" system loader is installed in the engine 
accessory compartment beneath the engine and can be 
reached through the left engine accessory compartment 
door. 


Аз we have already learned, the temperature and pres- 
sure of unconditioned N; air will vary but the tempera- 
ture may be as high as 427°C (800°F) and the pressure 
may reach 225 psi. A regulator built into the “Q” system 
loader controls the pressure of the М air that enters the 
control system inside the loader. The regulator main- 
tains this N3 air at а level that is always about 10 psi 
higher than atmospheric pressure. The "Q" system 
loader and the artificial feel system are discussed in 
another Training Supplement of this series which 
covers the F-102A Flight Controls System. 


FUEL TANK PRESSURIZATION SYSTEM. 


Тһе fuel supply for the F-102A airplane is carried 
within the delta wings. There are no separate fuel tanks 
since the wings are of a “wet wing" type of construction. 
Each wing is divided into three separate fuel tanks chat 
are pressurized to prevent excessive "sloshing," to help 
sequence the order in which the tanks are emptied, and 
to help the fuel pumps draw fuel from the tanks with- 
out cavitation or vapor locks. The airplane fuel system 
is discussed in the Fuel System Supplement of this series. 


As shown in figure 5-1, che fuel tanks are pressurized 
with air from two sources: partially-conditioned IN; 
bleed air from the heat exchanger, and unconditioned 
М, air. М; air is available whenever the engine is run- 
ning, but partially-conditioned М, air is available only 
when the main bleed-air flow control valve is open. You 
should remember from Chapters II and ІП that this 
valve is closed during armament firing and when the 
cabin air switch is ас RAM or OFF. The pressure lines 
from each of the two sources are connected to a common 
"TEE" fitting. 


Notice in figure 5-9 that there is a check valve in each 
supply line. These check valves prevent "back surging” 
(reverse flow) whenever the downstream pressure is 
greater than upstream pressure, This also allows either 
М or М» air to be used as the sole source of pressuriza- 
tion should one source be cut off. You can see in the 
illustratiton that air flows from the “TEE” fitting, 
through a pressure regulator, and into the fuel tanks 
where it cools as it expands. The regulator maintains 
the air pressure in the fuel ranks constant at about 4.5 
psi over atmospheric pressure. Remember that partially- 
conditioned №, air may have a pressure as high as 80 
psi and a temperature of about 93°C (200°Е). N, air 
pressure may reach 65 psi with a temperature of around 
205*C (400*F). The air pressure regulator is located in 
the forward left side of the main wheel well. 


THE CANOPY SEAL SYSTEM. 


The canopy of the Е-102А airplane is sealed against 
, rain or dust leakage and against loss of cockpit pres- 
| Surization by three different types of seals, one of which 
i ig а pressure type supplied with partially-conditioned 

N. air from the heat exchanger. The canopy, its latching 
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Figure 5-6. Quick-Disconnect Coupling 


mechanism, and the canopy seal system are discussed ín 
the Airplane General Supplement of this series. In this 
chapter we will mention the other two types of canopy 
seals, buc we will scudy only the pressure seal. 


The first seal is a diaphragm type that prevents leakage 
or loss of pressure between the canopy window panels 
and the canopy frame. This seal extends around the 
top, bottom, and aft edges of each window panel. The 
open ends of the seal are closed with rubber plugs that 
are sealed in place with sealer compound. The forward 
edge of each window panel is sealed with a bead of 
sealer compound. 


The second seal is called the canopy rain-and-dust seal. 
This seal is tubular in shape and extends around the 
afc edge of the windshield frame. It ends at the lower 
forward corners of the canopy. This seal is attached to 
the windshield frame by integral tabs pulled through 
holes in the frame. When the canopy is closed this seal 
із wedged tightly between the canopy and the wind- 
shield. 


The pressurized canopy seal consists of a continuous, 
molded, synthetic rubber tube installed in a channel 
around the pressurized portion of che canopy. Аз you 
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Figure 5-7. Elevator Artificial Feel System Schematic 


can see in figure 5-10, the tube is supplied with par- 
tially-conditioned М, bleed air from the heat exchanger. 
Notice that the pressure line from the heat exchanger 
is connected to the canopy seal selector valve. This valve 
opens to route air pressure to the seal when the canopy 
is latched, and closes to depressurize the seal when the 
canopy is unlatched. Notice also the relief valve and 
the safety valve, The relief valve opens when the seal 
pressure reaches about 16 psi and vents the excess air 
from the airplane chrough the dump louvers aft of the 
canopy. 


There will always be at least a small amount of flow 
through this relief valve. This continuous flow pre- 
vents the rubber seal from becoming cold and brittle. 
As you know, IN; air from the heat exchanger may have 
a temperature of 93°C (200°F). You can also see the 
safety valve in the seal line. This valve is exactly like 
the relief valve except for pressure setting. If che relief 
valve should fail (о operate, the safety valve will open 
at about 30 psi pressure and will dump the excess air 
into the intermediate electronic compartment. You 
should remember from Chapter II that there is а can- 
ору seal test fitting in the nose wheel well. When the 
canopy seal is to be ground tested, you must connect a 
source of compressed air to this fitting. Notice the check 
valve in the test line. This allows air to flow in one 
direction only. 
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The canopy seal selector valve also acts as a check 
valve. Only one of the check valves is open at a time 
depending on which pressure source is used. If N, air 
is used, the test line check valve is closed, but if another 
source of air is attached to the test fitting, the selector 
valve closes. Notice also the two filtered orifices, one in 
the IN, supply line and the other in the test line. These 
orifices contain bronze filters and also act as pressure 
reducers to help prevent excessive canopy seal pressure. 
The seal itself is installed in a retainer channel around 
the edge of the canopy. The pressure line to the seal is 
a flexible rubberized tube that is vulcanized to the seal 
as shown in figure 5-10. 


The Canopy Seal Selector Valve. 


As you can see in figure 5-10, the canopy seal selector 
valve is mounted on the aft side of the cockpit canted 
bulkhead in the top right corner. It can be seen from 
the upper electronic compartment but you can probably 
reach it easier from the intermediate electronic com- 
partment. You can see that two pressure lines connect 
to the valve; one line from the heat exchanger and the 
other to the canopy seal. The valve is operated by a 
cam which in turn is operated by a flexible cable con- 
nected to the canopy latch handle at the forward right 
side of the cockpit. When the handle is pulled, the 
valve will close to cut off pressure to the seal. When it 
is pushed in, the valve will open. 
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Figure 5-8. Elevator Feel Force Control System 


Now look at the schematic cross section of the valve in 
figure 5-11. Notice the three ports; one connects to the 
Ма supply line, another connects to the canopy seal 
line, and the third is а dump port. As you can see, а 
spring and ball blocks an opening from the N, port and 
acts as a check valve to prevent any reverse flow through 
the valve. It takes about 14 psi of pressure (on the intake 
side) to force the check valve open to allow Ма air to 
flow through the selector valve. 


Now notice the shaft of the double poppet. The shaft 
is connected to a clevis and the clevis in turn rides in a 
slot in che cam. When the canopy latch handle is pulled 
or pushed, a cable moves the cam and the slot causes 
the clevis and shaft to travel in or out. When the shaft 
is pushed in, N air can travel through the valve го the 
canopy seal. When іс із pulled out, М, air is cut off and 
the pressure in the seal is vented through the vent port. 
The canopy seal selector valve should cause Пије trou- 
ble. When the seal system is tested and any defects in 
the valve show up, you must replace it as described in 
T.O. 1Е-102А-2-2. 


Relief Valve and Safety Valve. 


The canopy seal relief valve and safety valve are almost 
exactly the same except for the pressure setting. The 
relief valve opens at about 16 psi and the safety valve 


opens at about 30 psi if the relief valve should fail. 
Notice in the top half of figure 5-12 that each valve 
consists of a spring-loaded poppet which opens when 
the air pressure exceeds the spring strength. Since these 
valves are so identical in appearance, you must be very 
careful to install the correct valve whenever replacing 
one of them. Always check the valve number and pres- 
sure setting as stated on the valve nameplate. Notice 
also the IN and OUT markings on the valve body. 
Always install the valve with the end marked IN facing 
downstream. This is very important since too much 
pressure could rupture the seal. The relief valve is 
installed on the canopy bulkhead and the safety valve 
is mounted on the aft side of the cockpit canted bulk- 
head. 


Filtered Orifices. 


The two filtered orifices are identical and interchange- 
able. You can see in the second half of figure 5-12 that 
each orifice contains a porous bronze filter and a restric- 
tor plate. The orifices prevent dirt from entering the 
system and restrict the flow of air to help reduce the 
pressure, Never attempt to replace a filter but always 
replace the unit if the filter becomes clogged. The ori- 
fices can be installed in either position. Both of them 
are positioned at the aft side of the cockpit canted 
bulkhead. 
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Figure 5-9. Fuel Tank Pressurization System 
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Figure 5-12. Canopy Seal Relief Valve and Filtered Orifice 


Check Valve. 


Тһе check valve in the canopy seal test line is very 
similar to che relief valve or safety valve in appearance 
and construction. It contains а spring-loaded роррег 
that will open when the pressure on the IN side of the 
valve reaches about 14 psi. It is a one-way valve that 
allows a flow in one direction only. It is also mounted 
at the aft side of the cockpit canted bulkhead and is 
reached from the intermediate electronic compartment. 


Testing the Canopy Seal System. 


In your F-102A Maintenance Manual (Т.О. 1Е-102А- 
2-2) you will find a complece description of the func- 
tional tests that must be performed periodically on 
the canopy seal system. Follow the directions carefully 
and make sure you use the proper test equipment as 
described in the Technical Order. Replace all icems 
found defective without attempting any adjustment. 
Be sure to tightly cap the test fitting in the nose wheel 
well after completing the tests. 


THE GLYCOL TANK PRESSURIZATION SYSTEM. 


The formation of ice on the radome of the F-102A air- 
plane is prevented by an anti-ice system that spreads a 
film of glycol fluid over the surface of the radome 
when anti-icing conditions exist. The glycol is con- 


tained in the pressurized reservoir, or tank, located in 
the nose of the airplane. The glycol tank is pressurized 
by partially-conditioned М) air from the heat 
exchanger. The radome anti-icing system and the glycol 
tank pressurization will be completely covered in the 
next chapter of this supplement; however, let us take a 
quick "preview" here. 


Note that the glycol tank is connected by tubing to a 
porous metal ring аг the tip of che radome immediately 
aft of the pitot-static boom. When the radome anti-ice 
valve is opened, either manually or by an automatic ice 
detection system, glycol is forced under pressure 
through the porous ring and overboard to form a pro- 
tective film on the radome. Notice that there are two 
filtered orifices, a relief valve, a safety valve, and a 
check valve in the pressure line. These items are either 
identical with, or similar to, the equivalent items in 
the canopy seal system. The relief valve maintains the 
air pressure at about 5 psi while the safety valve opens 
at about 16 psi if the relief valve fails. When the anti- 
ice valve is shut off, chere will be a small continuous 
flow of air through one of the filtered orifices and 
through the glycol line and overboard. This small flow 
keeps the lines clear and prevents icing on the porous 
metal ring. Remember that по М; air is available for 
glycol pressurization when the refrigeration unit flow 
control valve is closed. 
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Figure 5-13. Glycol Tank Pressurization Schematic 


THE PILOT'S G-SUIT PRESSURIZATION SYSTEM. 


The pilot of the F-102A airplane is often subjected to 
violent changes of directions or sudden accelerations. 
These sudden changes are very hard оп the human 
body. This is easy to understand if we think about one 
of the fundamental laws of physics: the one about 
inertia. To quote the classical form of the law, "Inertia 
is the tendency of a body when at rest to remain at 
rest, and when in motion to remain in motion." When 
an airplane dives at high speeds every particle of the 
pilot’s body is also going at high speed. If the airplane 
should "pull out" suddenly, all of the individual parts 
of the body would tend to continue in the old direction. 
Тһе main effect of this would be a "blackout"; that is, 
blood would rush from the pilot's head to his feet. The 
brain, starved for blood, would cause a momentary 
blackout until conditions stabilized again. 


This force will vary according to the violence of the 
maneuver and is measured in "G's." А force of one “С” 
is equal to the force of gravity. When at rest, we are 
subject to a one-G force. The more violent the maneu- 
ver, the higher will be the G-load on the pilot. To pro- 
tect himself from the effect of G loads, the pilot wears 
a G-suit. This suit, which is an item of individual issue, 
is pressurized with partially-conditioned N, air from 
the heat exchanger. The higher the G load, the more the 
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зміс must be pressurized. This suit applies pressure at 
certain parts of the body and helps prevent the blood 
from rushing from the head and causing a blackout. 
The suit is also connected to the pilor's bail-out oxygen 
bottle and under certain conditions oxygen is used to 
pressurize the suit. The suit itself and the oxygen bottle 
will not be discussed further in this manual. However, 
the supply and control of partially-conditioned №, air 
for the G suit is discussed here. 


In figure 5-14, note that air from the heat exchanger 
is conducted to a pressure regulator valve on the pilot's 
left console. The regulator opens automatically when 
the С loads reach 112 to 2 G's. The regulator controls 
the G-suit pressure and increases it with the G load. 
The maximum pressure in the G-suit is about 10 psi 
at the higher G loads. The regulator is an inertia type 
that senses the G loads and increases G suit pressure 
as the G loads increase. Notice the control knob with 
the HI and LO positions. 


'This knob varies the tensions of a spring inside the 
regulator to allow the pilot to increase or decrease the 
pressure in the suit to agree with his personal prefer- 
ence. Except for this control knob, the action of the 
regulator is entirely automatic. The regulator should be 
removed from the airplane from time to time and bench 
tested as described in T.O. 1F-102A-2-3. This regulator 
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Figure 5-14, Pilot's G-Suit Pressurization System 


must be replaced when defective. Do not attempt to 
repair it without studying the detailed instructions in 
the technical order. 


The pressure line from the regulator does not connect 
directly to the G-suit. Instead, it connects to a personal- 


leads disconnect unit at the aft end of the left arm of 
the pilot's seat. The pressure line from che G-suit also 
connects to this unit. This disconnect unit, completely 
described in another training supplement and in your 
Maintenance Manual, Т.О. 1Е-102А-2-3, provides а 
separation point during emergency seat ejection. 
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In this final chapter we will learn about those systems 
that prevent ice from forming on critical areas of the 
airplane and those systems that keep the windshield, 
canopy, and pilot's mask free from fog or ice which 
might obscure the pilot's vision. These systems use 
either hot М; bleed air, electrical current, ог glycol 
fluid to perform their functions. Some of the systems 
are controlled by an automatic, electrical, ice detection 
and control system, while others are pilot controlled 
by means of switches in the cockpit. Although some of 
the individual electrical anti-icing or de-fogging sys- 
tems have nothing to do with the low pressure pneu- 
matic system, they are included in this chapter so that 
a reader interested in anti-icing or de-fogging can find 
all of his information in one place. Remember also that 
anti-icing and de-fogging are very important functions. 
You find them discussed in this last chapter only 
because it is more convenient to discuss them here, not 
because they are of any lesser importance. 


WHY WE NEED ANTI-ICING AND 
DE-FOGGING SYSTEM. 


Anti-icing and de-fogging systems are needed for many 
reasons. First of all, many of the flight instruments, such 
as the altimeter and the air speed indicator, need to 
sense atmospheric pressure (both ram and static) in 
order to give an accurate reading. These instruments 
sense pressure through pressure-sensing ports on the 
pitot static tube on the nose of the airplane. If these 
ports are clogged by ice, the instrument reading would 
be false. The ram air pressure sensing intakes (Q in- 


takes) are on the leading edge of the airplane fin and 
supply ram air pressure to the flight control artificial 
feel systems and pitch and yaw damper system. These 
systems may operate erratically if the intakes are 
clogged with ice. Ice in the engine air intakes can 
reduce the supply of air to the engine and cause it to 
stall because of air starvation. Ice on the plastic radome 
can interfere with radar reception and reduce the effi- 
ciency of the airborne radar. 


Тһе defogging systems are very important for adequate 
pilot vision, The airplane may fly blind on instruments 
or under radar control, but it has a poor psychological 
effect on the pilot to do this continuously. Trying to 
land оп an emergency strip while peering through a 
glazed windshield is hazardous. The canopy and pilot's 
mask can also "mist up" and interfere with the pilot's 
vision. Тһе anti-icing and de-fogging systems of the 
F-102A аге designed to reduce or remove the dangers 
mentioned above. A malfunction of any one of these 
systems will reduce the efficiency of the pilot, interfere 
with the proper operation of control systerns, give false 
instrument readings, or prevent the performance of the 
primary mission; that is, the interception of an enemy 
air attack. 


ANTI-ICE AND DE-FOG CONTROLS. 


As we noted at the beginning of this chapter, some of 
the individual anti-icing or de-fogging systems are 
always pilot controlled by means of switches in the 
cockpit. The remaining systems are normally controlled 
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Figure 6-1. Anti-Ice and De-Fog Controls 


by an automatic anti-ice detection and control system, 
but the automatic system can be overridden manually 
by means of a selector switch in the cockpit. Therefore, 
all of the anti-icing and de-fogging systems can be 
manually controlled when necessary. 


MANUAL CONTROLS. 


АП but one of the manual anti-ice and de-fog controls 
are mounted on the utility switch panel, which is just 
forward of the pilot's control stick. These controls are 
shown in figure 6-1. Notice that all of the anti-icing 
and de-fog switches are two-position toggle switches, 
except the anti-ice switch which has three positions. 
The pilor's mask de-fog control is mounted on the 
pilot's left console and is therefore not shown in the 
illustration. 


THE ANTI-ICE DETECTION AND CONTROL SYSTEM. 


Тһе anti-ice detection and control system detects the 
formation of ice in the engine intake duct and auto- 
matically actuates four of the anti-ice subsystems. These 
four subsystems are the engine, the inlet duct, che Q- 
intake, and che radome anti-ice systems. The anti-ice 
detection and control system consists of an ice detector 
assembly, an interpreter assembly, an anti-ice control 
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relay, and an ignition power relay. An ice detector indi- 
cator relay causes a warning light in the cockpit to 
illuminate if the control system malfunctions. An anti- 
ice switch allows the four anti-ice subsystems to be 
manually operated if the control system malfunctions. 


By following the wiring schematic (figure 6-2) care- 
fully, you will obtain a betrer understanding of how 
this system operates. Note the ice detector assembly 
and the interpreter assembly. These two assemblies are 
the “heart” of the control system. The detector assem- 
bly detects the presence of ice in the engine intake duct 
and signals the interpreter assembly. The interpreter 
assembly then energizes the anti-ice control relay which 
in turn actuates the four anti-ice systems. This action 
is rather complicated, but if you follow the schematic 
carefully, you should be able to "follow the electrons" 
through the circuit. 


First let us trace the current flow when the anti-ice 
switch is in AUTO position. Note the 10 amp anti-ice 
power circuit breaker. All power for the detector and 
interpreter assemblies comes from the 28-volt 4-с essen- 
tial bus through this circuit breaker. The current flows 
from the circuit breaker to contact 2 on the ignition 
power relay and through the switch to contact 3, then 
on to connection À, on the interpreter assembly. The 
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Figure 6-2. Anti- 
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ignition power relay opens the switch across 2 and 3 
when the engine is being started and connects 2 to 1. 
Connection A, is always connected directly to power 
except during an engine start. 


During an engine start, power is connected directly to 
А, through the switch at connections 1 and 2 on the 
ignition power relay, instead of Ал. Note that power 
from connection A, goes to B, and on through the 
switch—in the по ice position—across А and B on the 
ice detector assembly to В» on the interpreter, and then 
back to Аг. When an icing condition does not exist, 
both A, and A, are connected to power. Relay R, is 
connected to A, and also grounded. You can see, there- 
fore, that the relay is energized in the ло-ісе condition. 
When relay R, is energized, its switch is closed, which 
provides another "hot" line across А, and A,. You can 
see that relays Ка and К, are connected to В, and соп- 
tact С on the detector, and are de-energized in the 
no-ice condition. Since R, is energized only when R, 
is energized, it is also de-energized when there is no ice. 


Now you may ask ‘What happens when che detector 
probe ices up?” First of all, the detector causes its 
switch to break contact between A and B, and connects 
B co C. A, is connected to А, through the switch in the 
A, relay. Therefore, B, is now "hot" since іс is con- 
nected to Ав through C, B, and В». Relays Аз and Ry 
now energize. This results in che probe heater being 
connected to power through Ba, the К, relay switch, and 
Ay. The В, relay moves its switch across its contacts 2 
and 3 to furnish a ground to the anti-ice control relay 
which is then energized by current from the 28-volt 
essential bus through the 5-amp апсі-ісе control circuit 
breaker. The anti-ice control relay contacts now close. 
This completes the circuit across contacts | and 2. 
When the probe heater heats up, it melts the ice on the 
probe and the detector switch returns to the %0-ісе 
position. 


Relays Ra, Rs, and К, de-energize, and the probe heater 
and the В, relay Беагег are disconnected from power. 
Note che mechanical time delay at relay Ra. This is а 
clock mechanism that keeps the switch across 2 and 3 
closed until 60 seconds after the relay de-energizes. This 
60-second delay feature assures that the anti-ice systems 
will be от long enough to do some good, even if the 
detector switch returns to the мо ice position after only 
a few seconds. Normally, the probe heater will melt the 
ice at the probe and return the switch to the жо ice 
position within 17 to 20 seconds. If it does not, it indi- 
cates that the detector is malfunctioning. It is the func- 
tion of the thermoswitch at relay R, to keep the probe 
heater from overheating the probe and to de-energize 
the relays during any malfunction. 


About 17 to 20 seconds after the decector switch moves 
to the ўсе position—across B and С the R, relay heater 
will cause the thermoswitch to heat up sufficiently to 
break the circuit to R, relay. The В, switch will then 
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open, and А, and В, will no longer be connected to 
power. Since Ва is connected to B; across the detector 
switch—at B and C—the Ro, Rs, and R, relays will de- 
energize, and the probe heater and the R, relay heater 
will be disconnected. Sixty seconds later the switch ac 
the К, relay will move across 1 and 2, the anti-ice con- 
trol relay will de-energize, and the four anti-ice subsys- 
tems will shut down. 


Malfunction of the detector destroys the effectiveness 
of the automatic control system, and the anti-ice sys- 
tems wil! not operate. If the pilot is informed of the 
malfunction, he can move the апгі-ісе switch to the 
MAN ON position, thus grounding the anti-ice con- 
trol relay. The four anti-ice subsystems will then oper- 
ate until he moves the switch to OFF. The warning 
lights on the right hand auxiliary instrument panel 
illuminate to warn the pilot of the malfunction. These 
lights wil! come on when the master warning box is 
energized. The warning box is connected to contact 3 
on the ice detector indicator relay. When the relay is 
energized, contact 3 will not be connected to power. 
Note that the relay is conneced to point А, on the inter- 
preter assembly through the anti-ice switch when it is 
at the AUTO position. А; is normally powered and A, 
is normally connected to А; therefore, the detector 
interpreter relay is normally energized. When the igni- 
tion power relay is energized, A, will always be con- 
nected to power across contacts 1 and 2. 


When a malfunction occurs, the connection between A, 
and A, is broken, across the detector switch and also 
across the В, relay switch, and the ice detector indi- 
cator relay is de-energized ¿f the ignition power relay is 
de-energized and the warning lights will come on. The 
warning lights are on the right side of the instrument 
in the column of warning lights for other systems. It 
is marked апгі-ісе and is easily distinguished from the 
others when it is on. Since the ice detector relay is dis- 
connected from power when the anti-ice switch is OFF, 
the warning lights will be on. You can see that the 
relay is always energized when the switch is ac MAN 
ON. Тһе warning light will therefore be on during a 
malfunction of the detector or interpreter assembly, or 
when the anti-ice switch is at OFF. 


THE ICE DETECTOR ASSEMBLY. 


Тһе ice detector assembly is mounted in the upper part 
of the engine air intake duct. As you will note in figure 
6-3, the assembly consists of a main housing, or case, 
and a probe. Notice the pressure diaphragm in the 
case. The chamber on one side of the diaphragm is 
connected to openings on the upstream side of the 
probe, while the chamber on the other side senses pres- 
sure from openings on the downstream side of the 
probe. When the airplane is moving, the upstream 
pressure will exceed the downstream pressure. 


The diaphragm controls the ice detector switch. When 
the airstream is moving at less chan 40 knots, the pres- 
sure difference across the diaphragm is not sufficient to 
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Figure 6-3. Ice-Detector Assembly 


move the switch to the то ice position. If the anti-ice 
Switch is at AUTO at this time, the anti-ice warning 
lights will illuminate. This does not necessarily indi- 
cate a malfunction. The lights should go out as soon 
as the airstream exceeds 40 knots. When the airstream 
exceeds 40 knots, the switch will be in the то ice posi- 
tion. However, if ice blocks the probe intakes, the pres- 
sure difference across the diaphragm will drop and the 
switch will move to the ce position. 


The heater in the probe should mele the ice in 17 to 20 
seconds, and the switch should then move to the 720 ice 
position. If the probe intakes should become clogged 
and not open after 17 to 20 seconds, the interpreter will 
turn off the probe heater and the detector will be inop- 
érative until the probe openings are no longer blocked. 
Now notice the heater in the case. This heater keeps 
the case warm to prevent condensation of moisture. The 
thermoswitch in the heater line interrupts the current 
to the heater when the temperature reaches a preset 
point. This heater will cycle off and on continuously. 


The detector assembly is a rather sensitive item and іс is 
better not to attempt any repairs without first having 
complete overhaul information. If the probe becomes 
clogged or it otherwise becomes defective, replace the 


assembly with a new unit. If you must repair it, be 
sure to consult T.O. 1F-102A-2-6, and proceed carefully. 


ANTI-ICING AND DE-FOGGING 
WITH HOT BLEED AIR. 


Four of the anti-icing or de-fogging subsystems use hot 
N, bleed air. In figure 6-4, note that the three anti-icing 
subsystems are the engine anti-icing system, the intake 
duct lip anti-icing system, and the windshield rain- 
clearing and anti-icing system. The canopy de-fogging 
system uses partially-conditioned, but still hot N; air 
from the heat exchanger. The engine and intake duct 
lip systems are normally controlled by the automatic 
anti-ice detection and control system while the other 
two systems are always pilot controlled. 


THE ENGINE ANTI-ICING SYSTEM. 


The engine anti-icing system is an integral part of the 
engine and is covered in the Power Plant Installation 
Supplement of this series. The system consists of two 
bleed air transfer lines, one on each side of the engine. 
These lines tap М» compressor discharge air from the 
engine diffuser section and route it forward to the 
engine air inlet quide vanes. Note in figure 6-5, that the 
М» air flows from the guide vanes to the accessory sec- 
tion fairing where it exits—to be sucked back into the 
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Figure 6-5. Engine Апії-ісіпу System Schematic 


engine intake. Note also the anti-ice shutoff valve in 
each transfer line. Each valve is controlled by а revers- 
ible d-c electric motor. These motors were shown 
schematically in the electrical diagram (figure 6-2), 
and are controlled by the automatic ice detection and 
control systems. They can be manually operated by the 
pilot by means of the MAN ON position of the anti-ice 
switch. Note the air regulator in the transfer line next 
to each shutoff valve. These regulators automatically 
regulate the flow of N, air as the temperature of the air 
changes. The regulators reduce the flow of air as its 
temperature increases, and increases the flow as its 
temperacure decreases. 


THE INTAKE DUCT LIP ANTI-ICING SYSTEM. 


The forward edges, or lips, of the engine air intake 
ducts are of double-skin construction. When the auto- 
, matic anti-ice detection and control system detects ice, 
| hot N; bleed air flows to the hollow, forward edges of 
the ducts to melt the ice. This air is then exhausted 
| overboard through small slots along the inboard edges 
of che ducts. In figure 6-6, note that the bleed air is 
tapped from rhe N, bleed air distribution duct and 
conducted to both duct lips through steel or titanium 
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tubes. Notice the shutoff valve and regulator in the 


ducting. This component is actuated by pneumatic 
pressure controlled by an electrical solenoid. 


А pressure regulation feature of the unit regulates the 
downstream pressure at a constant value. Thermostatic 
switches around both intake duct lips will close the 
shutoff valve if the intake duct structure should become 
too hot. Hot air will flow to the duct lips when the anti- 
ice detection and control system detects ice, #f the 
engine is running and 7f the structure around the duct 
lips does not overheat. 


Distribution Ducting. 


'The two ducts sections which connect to the shutoff 
valve, one upstream and one downstream, are made of 
stainless steel and have a diameter of 114 inch. Notice 
the "fork" in the duct section below the shutoff valve. 
The 34-inch tubes connect to each end of the fork. One 
tube leads to the duct lip on the left intake and the other 
leads to the right duct lip. You will probably find 
scainless steel tubes in some F-102A airplanes while 
others will have titanium tubes. All of the tubes and 
duct sections are insulated with a wrap-around blanket 
of fiberglas cloch and an insulating compound. This 
insulation increases the tube or duct diameters by about 
%-іпсћ. The tubes or duct sections are clamped together 
in the same manner as described in Chapter ЇЇ for the 
main supply ducting. 
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The Shutoff Valve and Pressure Regulator. 


The shutoff valve and pressure regulator is а pneu- 
matically-operated, solenoid-controlled unit that con- 
trols the flow of hot N* bleed air to the intake duct 
lips. The unit is located in the intermediate, electronic 
compartment on the left side. 


Notice in figure 6-7, the two pressure lines, the one 
connected to the valve body upstream of the butterfly 
shutter and the other connected downstream. One other 
important point to notice is che arrow on the valve 
body. This valve will permit air to flow in one 
direction only, and must be installed with the arrow 
pointing downstream. 


How the Valve and Regulator Operates. 


In figure 6-8, note that the shutter is connected by link- 
age to an actuator diaphragm. When the solenoid is 
energized, it opens a valve which allows chamber “А” 
on one side of the diaphragm to be pressurized with 
air tapped from the upstream side of the shutter. 
Chamber B on the other side of the diaphragm is also 
connected to upstream pressure through the small 
orifice. When chamber A pressure exceeds chamber B 
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pressure, the shutter will open. If the pressures are 
equal, the spring will close the shutter. 


Notice that chamber В is connected to a check valve 
in the pressure switch assembly. This check valve opens 
at а set pressure to vent air from chamber B, and to 
prevent its pressure from exceeding a set value. Cham- 
ber А is connected to one side of a piston which 
connects to the check valve. When the solenoid valve 
is open, upstream pressure against the piston will open 
the check valve and dump chamber B pressure. The 
relief valve connected to chamber А opens at a set 
pressure to regulate chamber À pressure at a set value. 


When the shutter is open, downstream pressure bears 
against one side, the close side, of the actuator dia- 
phragm and regulated chamber A pressure bears against 
the other, or open side. If downstream pressure in- 
creases above a desired point, the pressure against the 
close side of the diaphragm, aided by the spring, will 
move the diaphragm and shutter toward the close side. 
This means that the position of the shutter will change 
whenever downstream pressure changes. If the down- 
stream pressure increases, the shutter will close slightly 
until the downstream pressure returns to the desired 
level. 
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Operational Cycle of Valve and Regulator. 


Let us follow a complete operational cycle. Аз a starting 
point, the airplane is on the ground and the engine is 
off. The actuator spring keeps the diaphragm and shut- 
ter іп the closed position. Ав che engine starts, М; bleed 
air fills the upstream side of the shutter. This N; pres- 
Іше may be as high as 200 to 220 psi. Upstream air 
will enter chamber B through the orifice until chamber 
В pressure reaches a certain value, The check valve in 
the pressure switch assembly then opens to prevent 
'chamber B pressure from becoming too high. As long 
as the solenoid remains de-energized, the pressure in 
Chamber B will keep the shutter closed. When the anti- 
ice detection and control system detects ice, the solenoid 
energizes. (This is illustrated in figure 6-2.) 


І 

When the solenoid is energized, it opens the valve to 
[chamber A, and upstream pressure bears against the 
| open side of the actuator diaphragm. At the same time, 
the pressure against the piston in the pressure switch 
‘assembly causes the check valve to open wide and dump 
the pressure in chamber B. Since the pressure on the 
open side of che diaphragm now exceeds the pressure 
on the close side, the actuator opens the shutter. As the 
downstream pressure builds up, chamber B pressure 
‘senses downstream pressure through the wide open 
' check valve. The downstream pressure will be almost 
equal to the upstream pressure initially, so the actu- 
ator diaphragm, acted upon both by the downstream 
pressure and the spring, moves toward the close posi- 
tion. Ав the shutter moves toward its closed position, 
downstream pressure reduces. 


Тһе actuator spring will also be under less compression 
and exerts less force, so the combined force trying to 
move the diaphragm to the close position lessens as the 
diaphragm moves. W'hen the forces on both sides of the 
diaphragm are equal, the diaphragm and the shutter 
stop in that position. As downstream pressure varies, 
the shutter continually adjusts its position to maintain 
а constant downstream pressure. 


The supply pressure varies with operating conditions, 
but the pressure in chamber A must be held constant 
as a reference pressure if the downstream pressure is to 
be held constant. The relief valve that is shown vented 
to atmosphere will bleed off sufficient air to maintain 
chamber А pressure at a definite value above outside 
static pressure. This regulated value can be changed 
by altering the spring tension in the check valve. The 
spring tension is altered by turning the adjusting screw 
' shown at the base of the relief valve spring. This will 
alter the regulated downstream pressure. Removing 
| che tension from the spring will lower the regulated 
' pressure, while adding tension will increase it. 


After a certain length of time, normally about one 
minute, the solenoid will de-energize and cut off 
upstream pressure to chamber А. The relief valve will 
close, and chamber А pressure will vent to atmosphere 
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Figure 6-7. Duct Lip Anti-Icing Shutoff Valve 
and Pressure Regulator 


(the intermediate electronic compartment) through the 
bleed orifice. As the pressure reduces, the piston in the 
pressure switch assembly allows the check valve to 
close, and upstream pressure builds up in chamber B 
and holds the shutter firmly closed. Аз the pressure in 
chamber B reaches a certain level, the check valve opens 
enough to keep it from rising above that level. The 
shutter will now remain closed until the solenoid is 
again energized. 


The anti-ice switch has a MAN ON position that allows 
the pilot to override the automatic anti-ice detection 
and control system, and to turn on the four anti-ice 
subsystems. If the pilot leaves the systems on too long, 
the structure around the duct lips might become too 
hot. To prevent this, thermoswitches are situated 
around both intakes to sense the heat and interrupt the 
current to the solenoid to de-energize it. 


Maintaining the Valve and Regulator. 


Тһе shutoff valve and pressure regulator has been fac- 
tory-adjusted to regulate downstream pressure at a pre- 
determined value. This value is stamped on the unit's 
nameplate. On most airplanes, the downstream pressure 
is regulated at about 26.5 psi. Always check your Main- 
tenance Manual, Т.О. 1Е-102А-2-6, to determine the 
correct pressure and to make sure you install che correct 
unit when replacing parts. 


123 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


ADJUSTING 


1 SCREW RELIEF VALVE 


BLEED ORIFICE 


SOLENOID 
| (DE-ENERGIZED) 
| 


PRESSURE ! 
SWITCH 
ASSY 


PISTON | 


—— VENT 


А ACTUATOR 
ASSEMBLY — CHECK | 
— VALVE 
Гай 
7 = 
22201222 УРА = 5 | 
| 
то | 
М, ІМТАКЕ | 
{ BLEED AIR DUCT LIP i 
i (ANTI-ICING} | 
І 1 
! i 
i ' 
| | 
; 
| SOLENOID |. - ' 
(ENERGIZED) i 
І 
| | 
' | 
| 
D \ 
= 2 ” p | 
АРА IN 
| 
TO | 
№ ІМТАКЕ 
| BLEED AIR DUCT LIP | 
ANTI-ICING 


— 22222. РРР ЕЕ ЕЕ 2220 | 
2 


SOLENOID ENERGIZED — VALVE OPEN 


8ТМ51143 


Figure 6-8. Shutoff Valve and Pressure Regulator Schematic 
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THE WINDSHIELD RAINCLEARING 
AND ANTI-ICING SYSTEM. 


In operating airplanes in all kinds of weather good 
visibility must be maintained. If the airplane wind- 
Shield is obstructed by rain, snow, or ice, the pilot's 
visibility will be severely handicapped. Rain encoun- 
tered at low altitude may freeze on che windshield as 
the airplane climbs. On slower airplanes, windshield 
wipers similar to those on automobiles will keep the 
windshield clear. On the F-102A, the high speeds 
involved make windshield wipers unsuitable, so hot № 
dir is used. 


In figure 6-9, note that the windshield rainclearing 
and anti-icing system taps hot М; air from the distri- 
bution system near the heat exchanger and conducts it 
through stainless steel, insulated ducting to a nozzle 
at the forward apex of the left windshield. When the 
pilot throws the rain clear switch on the utility switch 
panel to ON, the shutoff valve will open and №, air 
will flow through the ducting and exit through the 
nozzle. It will then flow aft along the outside of the 
left windshield. This hot air forms a thin sheet or 
layer of air, over the surface of the windshield, but ic 
also helps remove any ice that might already be formed. 


The М, air may have a temperature as high as 425°C 
(800%Е) at the bleed air manifold, but there will be 
considerable heat loss by the time it reaches the wind- 
shield nozzle. Just before it exits from the discharge 
nozzle, the temperature of the bleed air will probably 
be between 205°C (400°F) and 260°C (500°F). A warn- 
ing circuit causes the windshield overheat warning 
lights to illuminate if the hot air causes the windshield 
to become too hor. Never operate the rainclearing 
system on the ground unless you keep the warning 
lights in sight. Windshield panels can be severely 
damaged by overheating. 


The Rainclearing and Anti-Icing Shutoff Valve. 


The shutoff valve in the windshield rainclearing and 
anti-icing system is a pneumatically actuated, solenoid- 
controlled valve. This valve is installed in the interme- 
diate electronic compartment and is almost exactly 
identical to the jet pump shutoff valve described in 
Chapter IV. The differences are very minor. However, 
be very careful not to interchange these valves when 
installing one of these units. The main difference is 
that the limit switch found on the jet pump valve is not 
on the rainclearing valve. The limit switch is necessary 
for the functioning of the electronic cooling warning 
system. Be sure that the valve is installed with the arrow 
lon the valve body pointing downstream. The solenoid 
\of the rainclearing valve is pilot controlled by means 
lof the rainclear switch, while «Бе jet pump solenoid is 
'controlled by an automatic circuit. The internal con- 
struction and operation of the two units are identical. 


LOW-PRESSURE PNEUMATIC SYSTEM 


The position indicator will indicate the position of the 
valve shutter at any time. The shutter should always 
be closed if the engine is пог running or the rainclear 
switch is OFF. The windshield overheat warning sys- 
tem can also indicate trouble. If the warning light 
should stay on for some time after the valve is closed, 
check the rainclearing system and also the warning 
system. If the valve does not operate properly, replace 
it as described in Т.О. 1Е-102А-2-6, If the valve should 
fail to open on a signal from the rainclear switch, make 
sure that there is power to the 28-volt d-c bus and that 
the rainclear circuit breaker (located on the aft left 
cockpit circuit breaker panel) is energized before re- 
placing the valve. 


Windshield Overheat Warning System. 


As previously stated, there is а good possibility of dam- 
age to the windshield from too much heat. The wind- 
shield is of sandwich type construction, with a layer of 
plastic between two layers of glass. The glass can with- 
stand considerable heat, but the plastic cannot. To pre- 
vent damage to the windshield, the pilot must know 
when it is getting too hot. Then he can shut off the rain- 
clearing air until the windshield again cools. The next 
to the last light on the warning indicator panel, plac- 
arded WINDSHIELD OVHT, tells him of an overheat 
condition. 


The windshield air overheat warning system consists of 
a thermistor, а bridge amplifier, and the usual warning 
light circuit. The thermistor is a resistance bulb which 
is sensitive only аг its tip. It is mounted at the forward 
apex of the left windshield, and can be removed from 
inside the cockpit. The’ bridge amplifier (sometimes 
called the thermistor indicator) is а small unit using 
transistors instead of vacuum tubes. An adjusting screw 
is provided for temperature calibration; aside from 
that, no change or repairs are permitted on this unit. 
The amplifier, thermistor, and other components of the 
warning system are shown in figure 6-10. 


The thermistor is the component of the overheat warn- 
ing system that senses windshield temperature. The tip 
of the thermistor is spring-loaded to maintain a good 
contact with the windshield glass. Whereas most tem- 
perature bulbs increase their resistance when tempera- 
ture increases, this one does just the opposite. When the 
windshield temperature increases, the chermistor resist- 
ance drops. For that reason it is sometimes called a 
negative temperature bulb. 


As you will note in the overheat schematic (figure 6-10), 
the source of power to this warning system is the air- 
plane’s 28-volt d-c essential bus. Current flows through 
the circuit breaker to contact C of the amplifier. The 
amplifier reduces the voltage to about 5 volts in the 
thermistor circuit. Since the resisrance of the bulb de- 
creases when temperature increases, the current flow 
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Figure 6-9. Windshield Rain-Clearing and Anti-Ice System 
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Figure 6-10. Windshield Overheat Warning Circuit Schematic 


through the thermistor circuit increases. This acts to 
unbalance the bridge circuit in the amplifier, chus pro- 
ducing an electrical signal proportional to the tempera- 
ture of the bulb. After amplification, the signal goes 
to a relay. When the current flow becomes great enough 
due to low resistance of the thermistor bulb, che relay 
actuates, letting current flow through terminal E to the 
master warning box and the warning lighr. The light 
will illuminate and remain on until the windshield 
temperature decreases below a certain level. 


Тһе windshield temperature ac which the windshield 
air overheat warning light comes on is about 200°F. 
You should always consult your Maintenance Manual, 
T.O. 1F-102A-2-6, for calibration data. 


THE CANOPY DE-FOGGING SYSTEM. 


When the air in the cockpit contains moisture and is 
much warmer than outside air, there is a tendency for 
the moisture to condense on the inside of the glass 
areas, 


The canopy de-fogging system uses a mixture of par- 
tially-conditioned but still hot М, air from the heat 
exchanger and cockpit air to keep the canopy clear of 


fog. Note in figure 6-11, partially-conditioned air is 


-tapped from the heat exchanger and conducted to the 


de-fog ducting by means of 34-inch steel tubing. Notice 
the shutoff valve and the pressure regulator in the tub- 
ing. The valve is controlled by the canopy de-fog switch 
on the utility switch panel. When it is open, М; air, 
regulated at about 11 psi over cockpit pressure, enters 
the de-fog ducting through a sonic nozzle similar to 
the jet pump nozzles described in Chapter IV. 


This jet of air acts as a jet pump. It creates a negative 
pressure behind it, and cockpit air is sucked into the 
de-fog ducting through the air intake shown on the 
canted bulkhead in the illustration. The resulting mix- 
ture of cockpit air and partially-conditioned М, air flows 
through the de-fog ducting and exits from corrugated 
outlets along the forward edges of the canopy. This air 
flows along the inner surfaces of the canopy and evap- 
orates the moisture to improve visibility. This addition 
of partially-conditioned М, air may add some heat to 
the cockpit air, but the temperature control system will 
compensate for it almost immediately. 


The Canopy De-fog Shutoff Valve. 


The canopy de-fog shutoff valve is a motor-operated, 
butterfly-shutter type with which you should now be 
familiar. The motor is а reversible-field 28-volt d-c unit. 
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Figure 6-11. Canopy De-Fogging System 


When the canopy de-fog switch is at OFF, the close side 
of the motor field winding is connected to power. This 
prevents the shutoff valve from opening accidentally. 
When the switch is turned ON, the open field winding 
is energized and the valve shutter opens. The only really 
distinctive aspect of this unit is che small size of the 
valve housing. The internal diameter is less than one 
inch. Due to its distinctive size, there is little danger of 
installing the wrong valve if the old one should require 
replacement. If the valve does not respond to move- 
ments of the canopy de-fog switch, make sure that the 
28-volt d-c bus is energized and that the canopy de-fog 
circuit breaker, on the aft cockpit circuit breaker panel, 
is closed before placing the blame on the valve. 


The Canopy De-fog Pressure Regulator. 


The pressure regulator in the de-fogging system tubing 
regulates the downstream pressure to a value which 
does not exceed cockpit air pressure by more than 11 psi. 
Notice on figure 6-11 that the regulator is connected 
to the cockpit by а 14-inch pressure sensing line. The 
pressure regulator compares cockpit pressure with the 
pressure in che downstream portion of the regulator, 
and restricts che flow to keep the downstream pressure 
from becoming greater than desired. 
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Note in figure 6-12 that the partially-conditioned N; 
air enters one port, passes through openings in a piston 
assembly, and exits through the second port. Also note 
the spring on one side of the piston, which holds the 
piston assembly їп the wide-open position when there 
is no air pressure. Note also that cockpit pressure bears 
against one side of the piston assembly, and that down- 
stream pressure bears against the other side. As long as 
downstream pressure does not exceed cockpit pressure 
by more than 11 psi, the regulator will stay wide open. 
As downstream pressure exceeds 11 psi, the piston 
assembly will be forced toward the closed position until 
the downstream pressure reduces to around 11 psi. This 
operation is entirely automatic and should give little 
trouble. Be sure to check the cockpit pressure sensing 
connections for leaks if the regulator does not operate 


properly. Always replace a defective regulator; do not 
attempt to repair it. 


ELECTRICA! ANTI-ICING AND 
DE-FOGGING SYSTEMS. 
Four electrical systems anti-ice or de-fog different parts 


of the airplane. None of these systems are directly con- 
nected to the low-pressure pneumatic system. However, 


те 2а = ._._._._._ ддя 


і 
" 
! 
‹ 
1 
! 


LOW-PRESSURE PNEUMATIC SYSTEM 


штээ БЭЭР зы; Пира : | -— 
. š -COCKPIT AIR ^ COCKPIT AIR | 
PRESSURE PRESSURE 
REGULATOR VALVE © REGULATOR VALVE ys SS 
FULLY OPEN 5 PARTIALLY CLOSED 5 5 
NY N NZ 
Кд 25 5% 
PISTON AND “ PISTON AND 5 > | 
VALVE 2 VALVE 2 | 
ASSEMBLY 7 ASSEMBLY: 2 
PARTIALLY | | A A | 
CONDITIONED | Й CONDITIONED | Й 
N, BLEED АВ И М, ВГЕЕР ДІВ Й | 
FROM: HEAT б і Й FROM HEAT Й | 
ER И Й EXCHANGER И | 
ҰЙ 2 i 
7 Й Й 
| 2 3 ? 
у DOWNSTREAM I -DOWNSTREAM | 
2 AIR PRESSURE 4 Y АА PRESSURE 
REGULATED AIR і REGULATED AIR | 
то то | 
, CANOPY DE-FOG SYSTEM CANOPY DE-FOG SYSTEM | 
81951147 ON ПИР ВИ ЛИЦИ Ре КЕСЕК ИЕККЕ Se АДЫ RES x ЖИЕ A UM. 


Figure 6-12. Canopy De-Fog Pressure Regulator 


they are included here so that you may understand how 
the entire anti-icing system works. These four systems 
are shown in figure 6-13. Notice that only the Q-intake 
anti-icing system is controlled by the automatic anti-ice 
detection and control system. The other three systems 
are pilot-controlled by means of switches in che cock- 
pit. АП four systems can be operated on the ground, 
whether or not the engine is running. The only excep- 
tion is the Q-intake system which, on some early air- 
planes, is shut off when the right main landing gear 
door is open. 


ANTI-ICING OF THE Q-INTAKE. 


Ia Chapter V of this manual, we discussed the flighr 
contro] artificial-feel systems. As you will recall, both 
the rudder and the elevator feel systems regulate che 
artificial feel by means of air pressure regulators or 
loaders. The elevator Q-system loader senses ram air 
pressure from both of the two “Q” intakes on the lead- 
ing edge of the fin, while che rudder feel system regu- 
lator senses ram air pressure from the small Q-intake, 
called the rudder Q-intake, only. The air speed com- 
pensator in the pitch and yaw damper system is also 
connected to the rudder Q-intake. These three flight 
control systems, the elevator and rudder artificial feel 
systems and the pitch and yaw damper system, are all 


very important to the pilot in controlling the airplane. 
If the Q-intakes are clogged, these systems will not func- 
tion properly. The Q-intake anti-icing system prevents 
the formation of ice which would often clog the 
intakes if allowed to form. 


As we have noted, the two Q-intakes are mounted on 
the leading edge of the fin. In figure 6-14 you can see 
that che elevator Q-intake assembly is much larger than 
the rudder Q-intake. Both of these assemblies have 
electrical heating elements around the intake tubes. In 
the electrical schematic (figure 6-15) nore that the ele- 
vator Q-intake tube has two heating elements. The rud- 
der tube has only one element. The element in the 
rudder tube and the forward element of the elevator 
tube is powered by the 28-volt d-c non-essential bus. 
In case of power failure during flight, che non-essential 
bus із disconnected and the essential bus is powered by 
the battery. 


Note іп the schematic that the elements are connected 
to power through switches controlled by che Q-intake 
heater relay. The relay is controlled by the automatic 
ice detection and control system which was described 
earlier in this chaprer. The heater elements “heat-up” 
whenever the relay is energized. Remember that the 
relay can be energized any time the pilot wishes by 
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Figure 6-13. Electrical Anti-icing and De-Fogging Systems 
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Figure 6-14. Q-Intake Anti-Icing 


placing the anti-ice switch ас MAN ON. On some early 
Toland, the relay control could not be energized when 
the right forward main landing gear door closed switch 
was in the open position, This means chat the Q-intake 
anti-ice system in these early airplanes cannot be ener- 
gized while the airplane is on the ground. 

| 

In later airplanes, che system can be energized at any 
time. Remember that the heaters become very hot when 
there is no airstream to remove heat, so be careful not to 
grasp them when making a ground test or you may be 
badly burned. Your maintenance manual, T.O. 1Ё- 
102A -2-6, describes tests to be conducted on this system. 
Perform these tests carefully, and replace any defective 
components. If the elements fail to heat when cested, 
check the Q-intake anti-ice circuit breakers in the main 
well before replacing any component. 


PITOT-STATIC TUBE ANTI-ICING SYSTEM. 


"The pitot-static tube is installed on the nose of the air- 
iplane. Note in figure 6-16, that there is an air pressure 
inlet at the very tip of the tube. This inlet picks up ram 
lair pressure which is also called трасі or pitot pres- 
sure. Smaller inlets for picking up static air pressure 
iare found farther back on the tube. Both pitor and static 
|pressure are fed to various important flight instruments, 
jsuch as the altimeter and the air speed indicator. Since 


the inlets are small, they could easily become clogged 
with ice, resulting in failure of the instrument co read 
correctly, 


The instrument that che pilot observes most closely is 
the airspeed indicator. When he notices chat its readings 
do not seem to be correct, he places the pitot heat switch, 
on che utility switch panel, at ON. An electrical heating 
element in the pitot-static tube will chen be connected 
to the 28-volt d-c essential bus, the ice will melt, and 
the inlets will be freed of the ice obstruction. 


There is an opening on the underside of the tube which 
allows the water to drain overboard. The heating ele- 
ment becomes extremely hot and can burn itself оис if 
the pitot-scatic and anti-icing system is operated too 
long on the ground, Be careful that you do not burn 
yourself when testing the system. If the heater element 
does not warm up when the control switch is turned оп, 
replace the element as described in your Maintenance 
Manual, Т.О. 1F-102A-2-6. 


Тһе pitot heat switch is the circuit breaker-type and 
there is no separate circuir breaker; the switch will 
move to OFF if the current should exceed 10 amps. 
If it is absolutely necessary to have the pitot-static anti- 
icing system on, the switch can be manually held in the 
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Figure 6-15. Q-intake Anti-Icing System Electrical Schematic 
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Figure 6-16. Pitot-Static Tube 


ON position. This will probably result in a burned out 
element which must then be replaced as soon as the 
airplane returns to its base. 


THE WINDSHIELD DE-FOGGING SYSTEM. 


When we discussed the canopy de-fogging system 
earlier in this chapter we learned that condensation of 
moisture on the inside surfaces of the windshield and 
canopy "fogs" up the glass panels and interferes with 
vision. The canopy is de-fogged by means of warm air 
which is blown across the canopy glass to evaporate 
this moisture. The two glass windshield panels are 
de-fogged electrically by means of heating elements 
built into the panels. This glass, with built-in heating 
elements, is called Nesa glass. The heater elements are 
automatically controlled by an automatic control sys- 
tem in the Nesa control box. This control system is 
energized when the pilot places the Nesa switch on the 
utility switch panel at NORMAL. 


Note in figure 6-17, each of the windshield panels has 
its own heating element and temperature-sensing ele- 
ment. The sensing elements are made of a material 
whose resistance increases greatly as its temperature 
changes. This change of resistance is sensed by the 
circuits in the Nesa control box. This control box will 
disconnect power to the heating elements as the wind- 
shield temperature reaches a certain level. The control 
! box can be adjusted to maintain the windshield tem- 
| perature constant at any level from 24°С (75*F) со 71*C 
|(160°F) and within a range of 3°C (5°F). Note that the 
‘windshield de-fogging system is powered by the 200 
, volt, 400 cycle, non-essential a-c bus. This means that 
ithe windshield de-fogging system will not operate if 
the normal a-c power system shuts down. 


The windshield overheat warning system, described 
earlier in this chapter, is connected to the left wind- 
shield only. Ordinarily if the warning lights should 
come on, it would indicate that the windshield is too 
hot due to operation of the rainclearing and anti-icing 
system. However, if the lights should come on when 
the rainclearing system is not operating, it would indi- 
cate that the Nesa control box is defective and that the 
windshield de-fogging system should be shut down. 


Тһе Nesa control box is the heart of this system. This 
unit contains rectifiers, transformers, capacitors (con- 
densers), and relays. It is beyond the scope of this man- 
ual to describe it here. There is an Air Force Technical 
Order published concerning it (T.O. 1F-102A-2-6) 
which completely describes its maintenance, testing, 
and calibration procedures. Do not attempt to adjust 
or repair this unit without detailed instructions. If the 
control box seems to be defective, simply replace it. 
Never attempt to adjust a unit of this type, unless you 
have received special training. 


DE-FOGGING THE PILOT'S OXYGEN MASK. 


The pilot's oxygen mask can "fog-up" for the same 
reason that the windshield and the canopy fog-up. As 
we learned earlier in this chapter, this is due to con- 
densation of moisture on the surfaces of the glass. The 
oxygen mask is de-fogged in the same manner as the 
windshield. The glass in the mask contains built-in 
heater elements that evaporate the condensation. The 
electrical current to the mask is controlled manually 
by the pilot by means of a control rheostat mounted on 
the pilor's left-hand console, and adjacent to the G-suit 
pressurization control The pilot’s personal electrical 
lead from the mask is connected to a quick-disconnect 
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Figure 6-17. Windshield De-Fogging System Schematic 


fitting on the left side of his seat. This electrical dis- 
connect pulls apart during a seat ejection in the same 
manner as the G-suit pressure line and the oxygen line. 


If the pilot desires more heat to the mask, he rotates 
the control knob clockwise. This reduces the control 
resistance and allows more current to flow to the mask. 
There is a circuit breaker in this line which you will 
find on the aft cockpit circuit breaker panel on the 
left-hand side. This system should give you little trou- 
ble. 'The heating element in the mask itself is the item 
most likely to burn out, and that is an item of personal 
equipment. 


THE RADOME ANTI-ICING SYSTEM. 


Тһе radome at the nose of the airplane is made of a 
plastic material «Бас will not interfere with che recep- 
tion of radar signals by the antenna scanner enclosed 
in the radome. Any ice forming on this radome will 
interfere with radar reception enough to completely 
ruin the effectiveness of the radar system. Тһе radome 
anti-icing system prevents the formation of ice by 


forcing glycol fluid overboard through a porous metal ' 


ring at the tip of the radome. The airstream distributes 
the fluid evenly over the surface of che radome to form 
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an anti-ice film. This system is controlled by the auto- 
matic anti-ice detection and control system, but cannot 
be operated when the main landing gear doors are open. 


As we learned in Chapter V, the glycol fluid is con- 
tained in a tank or reservoir which is pressurized by 
partially-conditioned N; air from the heat exchanger. 
Note in figure 6-18 that (һе IN; air is connected to the 
radome anti-icing system through a filtered orifice and 
a check valve. You can also see the relief valve and the 
safety valve in the line. The relief valve holds the pres- 
sure constant at about 5 psi over atmospheric pressure. 
Тһе safety valve opens ас 16 psi, if the relief valve 
should fail. The shutoff valve in the fluid line is sole- 
noid-actuated and opens when the solenoid is ener- 
gized. The solenoid is energized when the anti-ice 
detection and control system detects ice, or when the 
anti-ice switch is placed at MAN ON. 


Тһе solenoid cannot be energized when the main land- 
ing gear doors are open. When the shutoff valve is 
closed, there will be a continuous flow of pressurized 
air through the tubing forward of the valve. This air 
passes through the forward filtered orifice and over- 
board through the porous metal ring. This continuous 
flow keeps the tubes clear and the ring free of ice when 
the valve is closed. Тһе drain line you see connected 
to the tank vents spilled fluid overboard. 
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Figure 6-18. Radome Anti-Icing System 
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The air pressure lines, the drain line, and the fluid line 
aft of the radome itself are all made of 14-inch alumi- 
num tubing. The different tube sections are connected 
with standard AN pressure couplings. The fluid line in 
the radome itself is made of 34-inch plastic tubing. The 
pitot-static lines shown in figure 6-19 are also made of 
a non-metallic material to prevent interference with 
radar reception. A short length of }4-inch flexible hose 
connects the plastic tubing to the aluminum tubing. 


THE GLYCOL TANK. 


АЙ of the glycol fluid for the radome anti-icing system 
is stored in a welded aluminum tank. This tank is pres- 
surized to a regulated 5-psi air pressure, and contains 
integral baffles to help prevent "sloshing." In figure 
6-20, note that the tank is installed in the right, forward 
side of the nose and is accessible through the right hand 
aft door on the forward electronic compartment. Note 
the built-in relief valve in the filler cap. This valve 
will open to relieve air pressure at a maximum of about 
16 psi. Note also the small button in the center of the 
valve. Before opening the cap, always depress this 
button to allow the air pressure to bleed off. Hold a 
cloth around the cap to prevent being sprayed with the 
fluid. Any spilled fluid will chen be caught in the 
зсиррег and drained overboard through the drain line. 
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Тһе air pressure line connects to the top of the tank. 
Тһе input pressure is normally regulated by the relief 
valve in the line to about 5 psi. The Tee fitting that 
you can see attached to the bottom of the tank has two 
functions. The fluid line connects one end of the Тее 
to the anti-icing shutoff valve. The bottom end of the 
Тее is normally capped. When you wish to drain the 
tank, remove this cap. The tank is easier to drain if 
you do it while the tank is pressurized. An outside 
source of compressed air should be used. Do not use a 
pressure higher than about 10 psi for pressure draining. 
Тһе tank should give you little trouble. Check all 
connections from time to time for evidence of leaks. 
Тһе tank contains two gallons of fluid which is enough 
for about 15 minutes of continuous operation. 


THE RADOME ANTI-ICING SHUTOFF VALVE. 


The shutoff valve іп the radome anti-icing glycol line 
is a solenoid-actuated valve of a type normally found 
in fuel systems or systems that use other hydrocarbon 
fluids. In figure 6-21, note that the valve is a simple 
type that is closed when it energizes. The valve is the 
fail-safe type since the solenoid return spring will keep 
it closed when power to the solenoid is removed. The 
valve solenoid is controlled by the automatic anti-icing 
detection and control system, and will normally be 
energized when ісе is detected. The circuit to the sole- 
noid is interrupted by the right main landing gear door 
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Figure 6-20. Glycol Tank 


switch when the landing gear doors are open. Тће valve 
will also be open in the air if (һе anti-ice switch is 
placed at MAN ON. Replace a defective valve; do not 
attempt to repair it. 


THE RELIEF VALVE AND THE SAFETY VALVE. 


Тһе relief valve and the safety valve in the glycol tank 
pressurization line are not only identical to each other, 
except for pressure setting, but they are also identical 
to the relief and safety valves in the canopy seal pres- 
isurization system. They are all made by the same manu- 
facturer, so you must be very careful to be sure you 
‘install the correct unit when replacing these items. The 
'canopy seal relief and safety valves were described and 
illustrated in Chapter V. The relief valve in the canopy 
seal system opens at 16 psi, while the safety valve opens 
at 30 psi. However, in the glycol tank pressurization 
line, the relief valve opens at 5 psi, and the safety valve 
opens at 16 psi. Where the units have the same pres- 
sure setting, they are interchangeable. All of these 
valves are one-way valves, and must be installed with 
the end marked IN facing upstream. 


THE CHECK VALVE. 


The check valve in the pressurization line is very simi- 
lar to the relief valve or safety valve in construction 


and appearance. It contains a spring-loaded poppet that 
will open when the pressure on the IN side of the valve 
reaches about 3 psi. It is also a one-way valve that allows 
a flow in one direction only. 


FILTERED ORIFICES. 


The two filtered orifices are identical in appearance; 
however, the forward orifice has a smaller opening and 
allows a smaller air flow than the aft unit, The aft 
orifice is interchangeable with the orifices in the canopy 
seal system described in Chapter V. Each orifice contains 
а porous bronze filter and a restrictor plate. The orifices 
prevent dirt from entering the system and restrict the 
flow of air to help reduce the pressure. Never attempt 
to replace a clogged filter; but, instead, always replace 
the entire unit. The orifices can be installed in either 
position. 


SUMMARY. 


If you have carefully studied this supplement, you may 
feel char you аге now an "expert" оп the Low-Pressure 
Pneumatic System in the F-102A airplane. Мо one will 
blame you if you feel that way. You should remember, 
however, that it takes a lot of practice, actual doing, to 
make an expert. Remember too, that this supplement 
describes the system as it exists at a particular time. 
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Figure 6-21. Radome Anti-Icing Shutoff Valve 
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Some of the components ог systems may change from 
time to time. You are in a "jet age" Air Force that must 
always be dynamic and changing to keep ahead of 
the "other team." 


Аз new and advanced equipment becomes available you 
may find some of it installed in the F-102A you are 
working on. Тһе F-102A’s produced in the future may 
have many changes. For that reason you must always 
check your F-102A maintenance manual before work- 
ing on an airplane. These manuals contain the latest 
information and list the airplanes that have a particular 
configuration by serial numbers. 


Remember also, that this series of F-102A maintenance 
training supplements and the F-102A maintenance man- 
uals аге not the only sources of information concerning 
the various components. Many Air Force Technical 


LOW-PRESSURE PNEUMATIC SYSTEM 


Orders have been issued, or soon will be issued, cover- 
ing many of the individual components found in the 
airplane. These "T.O.'s" should be on file at your base. 
If they are not, you should inquire about them; they 
are useful sources of information. 


When trouble shooting any one of the systems, bear 
in mind that the trouble may not always be in that 
system. Few of the systems are independent, for they 
intermesh with other systems. 


Remember when working on the F-102A, that human 
lives and extremely expensive "hardware" are depend- 
ent on your skill, knowledge, and sense of responsi- 
bility. Always obtain the latest information available 
before proceeding with repairs. If you can't find the 
answer, don't be afraid to ask. It is much better to dis- 
play a little ignorance than to be the cause of an incom- 
plete mission or an accident. 
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Foreword 


The F-102A Training Supplements have been pre- 
pared by Convair, A Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems. 
There are ten of these supplements, each covering an 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

Instruments 


Each supplement describes an operating system or 
major component, bow and why it operates, and main- 
tenance problems that you may encounter. The entire 
inajor system is further simplified by describing each 
of its subsystems separately, Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar with the functions of the major system. This 


knowledge of the airplane systems will enable you , 


to use other operational, service, and maintenance 
instructions. 


Since the purpose of these publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances are not given. Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly a certain operation or condi- 
tion. You must refer to your 1F-102A-2-9 Technical 
Order and other pertinent handbooks for specific values 
when adjusting or checking a system and its compo- 
nents. These Technical Orders are revised periodically 
to include the latest maintenance procedures and data 
оп the equipment installed in the F-102A. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


Т.О. 1F-102A-2-1 
T.O. 1F-102A-2-2 
Т.О. 1F-102A-2-3 
Т.О. 1F-102A-2-4 
Т.О. 1F-102A-2-5 
Т.О. 1F-102A-2-6 
T.O. 1Ғ-102А-2-7 
Т.О, 1F-102A-2-8 
T.O. ТЕ-102А-2-9 
Т.О. 1F-102A-2-10 
Т.О. 1F-102A-2-11 
Т.О. 1Е-102А-2-12 
Т.О. 1F-102A-2-13 


General Airplane 


Power Plant 


Landing Gear 
Instruments 


Electrical Systems 


Fuel Supply System 


Flight Control Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-Icing Systems 


Radio-Communication and Navigation Systems 


Armament and Armament Electronics 
Wiring Data (F-102A) 


Т.О. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible. The Air Force, like a manu- 
facturer of an automobile or commercia] appliance, 
provides printed instructions for use with its equip- 
'ment, The printed instructions you will use most fre- 
quently in maintaining the F-102A are the dash-2 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance infromation. The 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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This supplement consists of six chapters which cover the Е-102А Instru- 
ments and Warning Systems. Chapter I introduces the instruments used 
in the Е-102А and reviews the principles of the basic instruments. Chapter 
II describes the flight and navigation instruments. Chapter III explains 
the engine and fuel system instruments. In Chapter IV you learn about 
the airplane power supply and pressure indicating instruments. Chapter 
V explains the master and fire warning systems. Chapter VI gives the 
miscellaneous instruments that are not included in the above groups. 
This supplement concludes with a descriptive summary of the F-102A 


instruments. 
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Chapter 1 


AIRCRAFT INSTRUMENTS AND PRINCIPLES OF OPERATION 
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Aircraft instruments are quite bewildering to anyone 
,who has never had an opportunity to learn about 
"Фет, The mere fact that there are so many of chem 
'is enough to cause confusion in anyone's mind when 
‘he views the average airplane instrument panel. You 
will find «һас the Е-102А is no exception in this 
respect—it has lots of complicated-looking instruments 
"оп its panels. But the fact that they look complicated 
| doesn't necessarily mean that they are; even if you аге 
(пеў to the Air Force you are already familiar with at 
‘least one of those instruments—the clock. And you 
(УШ probably decide after reading this manual that 
!many of the other instruments аге less complicated 
' than the clock. By learning about the instruments used 
in the F-102A, you will become familiar with some 
which are also used in other types of aircraft. 


‘WHY INSTRUMENTS ARE NEEDED. 


;Human limitations make it impossible for a pilot, 
‘using his senses alone, to cope with all the factors 
linvolved in the flight of an airplane. Instruments 
give him invaluable assistance by indicating many 
| conditions which influence the successful operation of 
jhis aircraft, The dials of various instruments, located 
| conveniently before him, record variations in tempera- 
“ture, pressure, speed, altitude, direction, drift, and 
attitude. They also give him information regarding 
[the mechanical functioning of his equipment. Even 


е 
when it is impossible for the pilot to see the ground, 
reliable instruments provide him with all che informa- 
tion he needs to maintain flight. 


BASIC CHARACTERISTICS OF 
AIRCRAFT INSTRUMENTS. 


Although there are many types of instruments, the 
demands of modern aviation make it necessary «Баг 
all instruments meet certain requirements. The indi- 
vidual features of the various instruments are dis- 
cussed in the next chapter of this manual. The fea- 
tures which are common to all instruments will be 
discussed here. 


All instruments are small! and light in weight. They 
must be small го fit in the limited space available for 
them in the airplane. It is essential that they weigh as 
litde as possible because excessive weight will re- 
tard. aircraft speed and effectiveness. The “payload”, 
whether armament, cargo, or passengers, should not 
be sacrificed for unnecessary equipment weight. 


Instruments are precision made to indicate accurately 
under all conditions encountered in normal flight, and 
yet rugged enough to require little maintenance, Each 
one is isolated by its own case, as much as is practical, 
to reduce the effects of magnetic fields created Бу 
electrical devices surrounding it. Every instrument 
must be easy to read. Special luminous paint is applied 
to the dials and pointers, and some form of lighting 
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is used to make the instruments clearly readable under 
all conditions. Either individual lighting or complete 
panel lighting is always provided. 


Each instrument mechanism is inclosed іп a protective 
case to keep out dust and moisture and prevent cor- 
rosion. Cases are made of plastic or light-weight metal. 
The glass in front of the dials is sealed, usually by the 
pressure of a snap ring which holds it against a rubber 
gasket. Some instruments are entirely sealed and filled 
with a gas to allow maximum protection and consistent 
operating environment for the mechanism. 


F-102A INSTRUMENT PANELS. 


The instrument panels in the F-102A are shown in 
figures 1-1 and 1-2. Notice that there are actually sev- 
eral different panels—the main instrument panel, the 
right and left auxiliary panels, the pedestal, and the 
right and left consoles. Most of the instruments used in 
the F-102A are located on these panels. À few of the 
instruments are primarily installed for your conven- 
іепсе in ground operations and are not located іп the 
cockpit area; their locations are explained in later 
Chapters. You will also see chat the instruments in the 
cockpit area are not all independent in their operation 
—most of them are connected то systems and devices in 
other parts of the airplane. 


The instruments are discussed separately "throughout 
the manual according to their group function. You 
will find, for example, that the main instrument panel 
contains instruments from several groups, but only one 
particular group is discussed at a time. 


THE MAIN INSTRUMENT PANEL. 


Тһе entire center (the area from the glare shield down 
to the lower radar and armament controls) is che main 
instrument panel. Radar scope controls occupy the 
space on each side of the scope at the top of the panel. 
Below that, in the center of the panel, are the flight 
and navigation instruments. These instruments tell che 
pilot his position in relation to the air and the ground. 


Engine instruments are to the right of the flight and 
navigation group. These keep the pilot posted on the 
operation of his power planr. On the left side of the 
main panel, you can see the landing gear position 
indicators and compass slaving switch. The three rec- 
tangular bars on the top and right side of the panel 
are warning lights. АЙ of the controls on the lower 
strip of the main panel are armament and radar con- 
trols—they will not be discussed in this manual. 


The main instrament panel is clamped to а tie rod 
near the bottom. By removing a screw on each top 
corner, you can tilt che top of the panel aft, toward the 
seat, for replacement of any equipment above the 


armament and radar strip. To free the top of the panel, 
you must first remove the glare shield, one radar con- 
trol panel, and the scope. 


THE AUXILIARY INSTRUMENT PANELS. 


Extending down from the lower corners on each side 
of the main pane! are the left and the right auxiliary 
panels. 'The left panel contains the landing gear con- 
trol panel, drag chute control panel, landing and taxi 
light switch, and the cockpit pressure altimeter. On 
the right auxiliary panel you will find the canopy 
latch and warning mechanism, the warning indication 
panel and test switch, and the a-c voltmeter. 


THE PEDESTAL. 


The pedestal is the center panel, below the main panel. 
The pilot straddles the pedestal when he is seated in 
the cockpit. As you can see in figure 1-1, there are two 
sections to this panel. The upper section is called the 
utility switch panel. It contains various controls for 
cabin temperature regulation, anti-icing, and trimming 
the airplane. The lower section, called the lighting 
control panel, has switches to turn on and adjust the 
brightness of the lights. The crank at the base of the 
pedestal is used for rudder pedal fore and aft adjust- 
ment. With this crank the pilot can set the pedals to 
his most comfortable position. 


THE CONSOLES. 


The consoles are the panels which extend along the 
sides of the cockpit. On the left console you can see 
the oxygen regulator controls, throttle quadrant, emer- 
gency hydraulic control, communications controls, fuel 
control panel, and equipment to operate the pilot's 
mask and G-suit. The right console includes an electric 
power switch panel, the radio navigation controls, hy- 
draulic pressure and free air temperature gages, and 
the controls for various electronics and radio gear. The 
circuit breaker panel is located at the aft end of this 
console. 


The instrument panels of the F-102A are lighted by 
small light caps which screw into sockets in clear 
plastic panels. These plastic panels are held in place 
over the instrument panels by the light caps. The outer 
surfaces of the panels are painted so that the light will 
reflect through the cutouts—for the instruments and 
controls—and through the printing and numbering on 
the panels. 


BASIC TYPES OF INSTRUMENTS AND 
PRINCIPLES OF OPERATION. 


Each instrument which appears on the panels of che 
Е-102А has a very definite purpose. Sometimes the 
information given by one indicator can be obtained 
fróm another and you may be sure that both instru- 
ments taken either individually or in combination, are 
important to the safety or efficiency of the airplane. 
Several instruments operate on the same principles and 


| 


Q 


О 


INSTRUMENTS 


T3NVd 31SNI 
АЗУПХПУ НЭГ 


d 


ШШ 


Й 


| 


13МУ4 34SNI NIVW 


~ 


“SLL 
лу153аза 


(7 
16 


E 


"CHNVd WISNI 
Auvnixnv НТ 


(74 


Е-102А Instrument Panel 


Figure 121. 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


31OSNOO 1НЭГЧ 


13МҮ4 335 V338 LINDAID | 
14У амүнанэг 


лзмуа чэжузча LINDY 
14у QNVH-1131 


S 


3105NOO 1331 


YOLVDIGNI dWil NIV МУО 


TANVd JOULNOD 
YIMOd 21412313 


| a 


Figure 1-2. F-102A Cockpit Console Panels 
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Figure 1-3. Diaphragm-Type Pressure Gage 


use very similar mechanisms. It is therefore convenient 
to classify some of them according to functional oper- 
ation. Ап explanation of these basic kinds of instru- 
ments will help you to understand che various instru- 
ments discussed in detail in the next chapter. 


DIAPHRAGM INSTRUMENTS. 


Some aircraft instruments measure differential pres- 


' sure by the use of one or more metallic diaphragms. 


А simple diaphragm mechanism is shown in figure 1-3. 
The diaphragm is a hollow, circular disk made from 
very thin metal, usually copper or brass alloy which is 
springy and will resist corrosion. The sides of the disk 
are corrugated to allow for expansion and contraction. 
Sometimes a spring is installed inside of the disk to 
damp its action or prevent damage from excessive 
pressures. 


A fitting in the case of the instrument admits che pres- 
Sure which is to be measured. It enters the inside of 
the diaphragm where the diaphragm is attached to the 
fitting, Ап opposing pressure, such as atmospheric 
pressure, is admitted to the case through another ореп- 
ing. Since che walls of the diaphragm are very thin 
and flexible, any increase in the pressure on its inner 
surface causes it to expand. The amount that the dia- 
phragm expands is proportional to the pressure dif- 
ferential. Notice that a rocking shaft positions the 
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pointer of the indicator through a gear and pinion 
arrangement, 


ANEROID INSTRUMENTS. 


'The aneroid mechanisms found in many instruments 
are very similar to ordinary diaphragms in both ap- 
pearance and mechanical operation, in fact, the aneroid 
unit is a type of diaphragm. It is different from the 
regular diaphragm in one very important respect—it 
is а sealed, evacuated chamber, but the regular dia- 
phragm type as you will recall, had a chamber that 
received the varying pressures. Notice in figure 1-4 
that the chamber does not have an opening to admit 
pressure as was the case in the diaphragm type. The 
aneroid unit used in aircraft instruments is the same as 
the unit which operates the ordinary aneroid barom- 
eter. You will find that most aneroid instruments use a 
more elaborate system of linkage from the diaphragm 
to the pointer than is shown here, but the principle of 
operation is the same. 


You have learned that the diaphragm unic expands 
when the pressure on the inside surface becomes 
greater than the pressure on the outside surface. But, 
the aneroid instrument is sealed and will operate dif- 
ferently. The only pressure which can change is the 
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Figure 1-4. Simple Aneroid Unit 
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Figure 1-5. Bourdon-Tube Instrument 


pressure on its outer surface, which is the pressure 
that is admitted to che case surrounding the chamber. 
The strength of the metal, sometimes aided by a spring 
within che unit, is all that prevents it from being 
totally collapsed. The aneroid instrument is not, there- 
fore, a differenial pressure measuring device, since the 
pressure within the aneroid unit is constant. Rather, 
ic might be called an absolute pressure indicator. 


BOURDON-TUBE INSTRUMENTS. 


Bourdon-tube instruments are used to measure the 
pressure of either gases or liquids. A simple Bourdon- 
tube instrument (figure 1-5) contains a single curved 
tube. The tube is eliptical in shape and is made of 
bronze or copper alloy. One end of the tube is open 
and is attached to a fitting in the instrument case. The 
other end is sealed and is free to move to a limited 
degree, but it is connected by a mechanical linkage 
system to the pointer of the instrument. 


'The principle involved in the Bourdon tube can be 
easily demonstrated by the novelty "snakes" of Hal- 
loween and New Year's parties. As you blow into the 
mouthpiece, the "snake" unwinds and will straighten 
due to the air pressure in its body overcoming a 
spring. When you release the air, the "snake" will 
сой аар once again because the spring is tempered іп 


a coil. А Bourdon tube is quite similar, except that it 
does not have many coils. The short metal tube is made 
from a spring type metal and tends to coil when there 
із no pressure in the tube. 


Pressure to be measured by a Bourdon-tube instrument 
is piped to the back of the instrument case. The fluid 
or gas, whichever is used in the system, enters the tube 
through the end which is attached to the fitting. When 
the pressure in the tube exceeds the normal air pres- 
sure in the case surrounding it, the tube tends to 
straighten. The greater this pressure differential be- 
comes, the more the tube extends to give a greater 
pointer deflection. Releasing the pressure in the 
Bourdon tube permits it to spring back to its neutral 
position and the pointer returns to zero. 


GYROSCOPIC INSTRUMENTS. 


Many pilots learned the hard way that the old "seat- 
of-your-pants" technique of flying is inadequate for 
bad weather operations. The experience gained by 
their flights through the overcast proved that the 
human senses are: unreliable under such conditions. 
When the pilot of an airplane loses sight of the 
ground, some other fixed reference is needed. Gyro- 
зсоріс instruments provide that reference. 


The primary component of any gyro is its rotor—a 
finely balanced wheel. The rotor is very heavy for its 
size (a high weight-to-mass ratio) and it spins at a 
high rate of speed. The axle of the rotor is called its 
spin axis, Low-friction bearings hold the spin axis in 
mountings which are known as gimbals. А simple 
model gyroscope is shown in figure 1-6. You may have 
played with one just like it when you were a child. 
Chances are you never fully understood its antics, nor 
realized that it could serve any practical purpose. 


There аге two general types of mountings for gyros; 
the type used depends on which property of the gyro 
is being utilized. The model shown in figure 1-6 is a 
freely or universally mounted gyro, that is, no matter 
which way you would tilt the base, che rotor would be 
able to hold its original (in this case, vertical) position. 
Such a gyro is said to have three planes of freedom, 
because it can rotate in any plane in relation to its 
base. Restricted or semi-rigidly mounted gyros are 
those mounted so that one of the planes is held fixed in 
relation to the base. If the outer gimbal of the model 
were welded to the frame instead of mounted in 
bearings, you would have a restricted gyro. 


Now consider what it is that makes the gyro so useful 
in aircraft instruments, There are two rules, or prin- 
ciples of operation, which are common to all gyros— 
rigidity іт space and precession. All practical applica- 
tions of the gyro are based on these cwo fundamental 
properties of gyroscopic action. 
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Figure 1-6. Elements of a Simple Gyroscope 


Rigidity In Space. 

А universally mounted gyro is free to remain in any 
set position. If che rotor of that gyro was turning at a 
high rate of speed, you could hold the base in your 
hand and tip іс upside down in any direction without 
disturbing the attitude of the rotor. Similarly, you 
could attach the base to the aircraft structure and the 
spinning rotor would remain in the same plane of 
rotation during all flight maneuvers. А restricted gyro 
has the same characteristic of rigidity but is пог free 
to rotate in all three planes. 


Precession, 


The principle of gyroscopic precession is difficult to 
explain in words, but it is easy to demonstrate. If 
you study figure 1-7 as you read the text, you may be 
able to understand it readily. Precession is the result- 
ant action of a spinning wheel when a deflective force 
is applied to its rim. When a force is applied to the 
rim, the resulting force is 90? ahead of the point where 
the force is applied—in the direction of rotation and 
in the same direction as the applied force. Now that 
rule can be broken down into three simple steps and 
you can always determine how a gyro will precess by 
these steps. 


First, determine at what point on the rim the deflec- 
tive force is applied. In figure 1-7, che pressure applied 
at the bottom ої the bearing (e) is—in effect—a force 
applied at the rim ас point А and in the direction 
indicated. Second, determine where the deflective force 
actually takes effect. This is at point B—90° ahead of 
point А in the direction of rotation. Third, remember 
that the gyro precesses in the same direction as the 
applied force (which is perpendicular to X, or to А). 
'The result is the same as if you pushed directly at 
point B (perpendicular against the side of the rim) 
when the rotor is not spinning. 


Precession of a gyro is caused by mounting the rotor 
зо that опе of the three planes of rotation is fixed; thar 
is, by using a restricted gyro. Any movement which 
causes a deflective force against that plane results in 
precession, The amount of precession is proportional 
to the deflective force—this can be measured and 
shown by an indicating mechanism. Some precession is 
caused by bearing drag and che rotation of the earth; 
this precession is undesirable. Aircraft instruments 
always provide some means—either manual or auto- 
matic—to return the gyro to its proper position. 
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MAGNETIC INSTRUMENTS. 


Perhaps you have had some experience with mag- 
netism. It is quite likely that a rusty magnet from a 


; telephone or Model “Т” Ford magneto was once one 


of your prized possessions. Some of the basic principles 
of magnetism may not be familiar to you, so we will 
review these principles that apply to instruments in 
the Е-102А airplanes. 


There are two types of magnetic instruments in the 
F-102A. One type is used for directional guidance and 
operates by sensing the magnetic lines of force of the 


| earth—these instruments are frequently called earth 


magnetic instruments. The other type uses magnetic 
fields that are created by electrical means within the 
indicator; these are known as electromagnetic devices. 


Earth Magnetic Instruments. 


Тһе ancient Greeks discovered that a certain kind of 
rock (known as magnetite) would attract bits of iron. 


' Later, it was learned that when a piece of this material 


was suspended on a string, it would turn so that one 
епі would always point north. This material became 
known as lodestone (leading stone) and was used for 
navigation. Such was the beginning of magnetic 
instruments. 


Every magnet has a north pole and a south pole. In- 
visible lines of force leave the magnet from the north 
pole and spread out in all directions, These lines (mag- 
netic flux) curve around and. return to the magnet 
through the south pole. From the south to the north 
pole, they move within the magnet, but never inter- 
sect. Where the lines are nearest cogether—within the 
magnet and at its ends—the force is the most concen- 
trated. Magnets are frequently curved like horseshoes 
to provide a concentrated area of force between the 
two ends. This magnetic force is called. magnetomotive 


1 force. 


If you place two magnets together, the two north poles 
will repel each other and the two south poles will 
repel each other. The north pole of one will attract 
the south pole of the other. This represents the funda- 
mental law of magnets: like poles repel, unlike poles 
attract. 


Metals other than magnetite can be magnetized by 
induction. This is accomplished by stroking the metal 
with a strong magnet or by use of electricity. Тһе 
"reluctance" of the metal (similar to resistance in 
electricicy) determines how difficult it is со magnetize. 
You can see an example of induced magnetism by 
dipping a magnet into a box of tacks. Not only do the 
tacks cling to che magnet, they cling to each other as 
well. What actually happens is that the molecules in 
the tacks assume a regular pattern—each molecule 
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Figure 1-8. The Earth as а Magnet 


lines up as though it were a separate little magnet. 
After you remove the magnet, some of the tacks will 
retain their magnetism for а time—this is called resid- 
ual magnetism. 


Certain high-relucrance metals have the ability to 
retain magnetism for a long period of time. Hard 
steel is frequently used го глаке "permanent" magnets 
because it has this characteristic of retentivicy. These 
man-made magnets are called artificial magnets. By 
observing a freely mounted magnetic needle (a com- 
pass), it was proved that a magnetic field surrounded 
the entire earth. It is as though there were a huge bar 
magnet running through the earth, with its ends sev- 
eral hundred miles below the surface of the earth. 


Figure 1-8 shows how the lines of force flow from the 
magnetic core. Апу freely mounted magnet will tend 
to align itself with che lines of force, as shown in the 
illustration—the north pole of the magnet will then 
point toward the earth's magnetic north pole. Now, 
this statement may seem contradictory, but it really 
isn't. The earch’s magnetic north pole is so called be- 
Cause it is in the northern hemisphere, near the geo- 
graphical north pole. In magnetic terms, it is a south- 
seeking pole, because it attracts the north-seeking pole 
of a freely mounted magnet. 
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Figure 1-9. Effect of Variation on a 
Magnetic Needle 


OPERATION OF THE EARTH MAGNETIC IN- 
STRUMENTS. You have learned that the earth is 
surrounded by a magnetic field, and that a magnetized 
needle reacts to this field. This is che principle behind 
most magnetic compass instruments. It is also possible 
to get magnetic directional information from a sens- 
ing element that shows ас what angle it is moving 
across che earth's lines of force. Regardless of the 
magnetic instrument used, there are certain factors 
which must be considered during its use; variation, 
deviation, and dip. We will discuss these factors now, 
but you must keep them іп mind in later discussions 
of specific instruments and systems. 


The earth's magnetic poles are not in the same loca- 
tions as are its geographical poles. Consequently, аг 
most places on the earth's surface, a needle that is 
lined up with the magnetic field will not point to 
true north. The difference berween true north and the 
position taken by a freely suspended magnetic needle 
is called variation. Notice in figure 1-9 that the varia- 
tion is called easterly if the needle points to the right 
of true north and westerly if the needle. points to the 
left of true north. Areas of equal variation are shown 
on charts by isogonic lines. The area of no variation— 
where the needle points to both the magnetic north 


lo 


pole and the geographical north pole—is indicated by 
the agonic line. To determine true north from mag- 
netic north, a pilot must subtract easterly variation or 
add westerly variation for the area in which ће is 
flying. 


Ав you can see on figure 1-10, the lines of equal vari- 
ation are neither straight nor parallel. The reason is 
that local magnetic fields—resulting from mineral de- 
posits and other condicions—distort the earth's mag- 
netic field, thereby causing additional error in the 
position of a magnetic needle with reference to true 
north. ` 


All of the earth magnetic aircraft instruments are sub- 
ject to deviacion—the error caused by disturbances 
within the airplane itself. Às you will learn in the 
discussion of electromagnetism, operating electrical 
equipment sets up magnetic lines of force which tend 
to affect the needle in an earth magnetic instrument. 
In addition, various metal parts of the airplane also 
cause deviation; remember, тега! contains residual 
magnetism. Therefore, each magnetic compass is pro- 
vided with some means of compensation. Usually this 
takes the form of a system of adjustable magnets 
within the case of the instrument. They can be ад- 
justed to remove some of the errors by "splitting" the 
error on one heading with the error present at the 
reciprocal heading. Апу remaining error is shown on 
a deviation card, adjacent to the instrument, that tells 
the piloc what course to steer to obtain a certain mag- 
netic heading. 


Referring to figure 1-8 which shows the magnetic lines 
of force around the globe, notice that these lines run 
approximately parallel to the surface of the earth at 
the equator, In fact, chey are absolutely parallel to the 
earth’s surface at the magnetic equator—the area half- 
way between the magnetic poles. This represents che 
“horizontal component" of the magnetic field. At the 
upper laticudes, near the magnetic poles, the lines of 
force turn towards the center of the earth as though 
the ends of our imaginary bar magnet were buried 
beneath the surface of the earth. This is referred to as 
the “vertical component” of the magnetic field, and 
is responsible for what is called “dip.” 


Any freely mounted magnetic needle will tend to dip 
toward the earth in these areas, causing ic co oscillate 
and read erroneously, Directly over the poles—where 
the vertical component is 90° in relation to the sur- 
face of the earth—the ordinary magnetic needle be- 
comes totally unreliable as a source of directional 
information. Magnetic sensing elements which use 
gravitational or gyroscopic stabilization are less af- 
fected by magnetic dip, and are used successfully in 
these areas. 
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Figure 1-10. Isogonit Lines оп a Map of the United States 


Electromagnetic Instruments. 


Electromagnetism, in contrast to natural magnetism, is 
the magnetic field of force set up around a conductor 
when current passes through it. Every electric current 
produces a magnetic field—the strength of this field is 
proportional to the strength of the current flowing in 
the conductor. You can prove the existence of a mag- 
netic field around a current-carrying conductor by 
holding a compass close to a “hoc” wire. The compass 
needle will tend to align itself at right angles to the 
wire. This proves that magnetic lines of force are 
traveling in concentric circles around the wire, The 
intensity of this magnetic field varies inversely with 
the distance from the conductor; that is, the magnetic 
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force of the field is strongest close to che wire and 
decreases with distance from the wire. Figure 1-11 
shows how some of these lines of force would appear 
if chey were visible. 


А simple rule will always show you the direction taken 
by the lines of force around a current-carrying con- 
ductor. If you take che conductor in your left hand 
(it might be a good idea to disconnect the power sup- 
ply first) with your thumb pointing in the direction 
of the current flow, your fingers will be pointing in 
the direction of the magnetic force. This is commonly 
referred to as the left-hand rule. Remember, then, chat 
the direction of the magnetic field is directly depend- 
ent on the direction of the flow of electricity. ТЕ the 
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Figure 1-11. Lines of Force Around an Electrical Conductor 
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Figure 1-12. Concentrating the Magnetic Force 


electrical flow is reversed, the magnetic lines of force 
also change direction. 


Now let's loop the wire once, as shown in figure 1-12. 
Norice that the magnetic flux now becomes more con- 
centrated in the center of the loop. You will recall 
from the discussion of natural magnetism that the 
force of the field is strongest where the lines are 
nearest together. Bending the wire into a loop does 
not reduce the number of lines of force; it only brings 
them closer together within the inside of the loop. 
A coil of wire is simply a succession of loops. 


When you connect electric power to a coil, the mag- 
netic force of the individual loops tends to be cumu- 
lative; that is, each loop adds its lines of force со the 
total field. Notice in figure 1-13 how the lines around 
the individual loops conflict because they are moving 
in opposite directions at their closest points. There- 
fore, most of the lines of force go chrough the entire 
coil (the path of least reluctance) and then circulate 
around to the other end. Regardless of where they 
leave the center of the coil, the lines of force always 
return again—since any line of force must close. 


You could use an ordinary "air core" coil of wire as 
an electromagnet, but it is desirable to concentrate the 
magnetic lines of force even more. To do this, the coil 
is wound around a soft iron core—the wire in che coil 
is insulated to prevenr it from "shorting" on the core. 
This iron core is much more permeable to magnetic 
flux than air, in other words, it offers less reluctance. 
Consequently, the iron core becomes magnetized by 
induction. When the electrical current is shut off, the 
magnetic field collapses'and the soft iron loses its 
magnetism because it has very low retentivity. This is 
basically how every electromagnetic device works. 
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OPERATION OF ELECTROMAGNETIC INSTRU- 
MENTS. The most common applications of electro- 
magnetism in aircraft instruments are in solenoids, 
relays, and synchros. We will discuss synchros sepa- 
rately in the next section. Solenoids and relays are 
rather simple adaptations of the basic electromagnet 
you just finished reading about. Although instruments 
do not operate solely by the use of relays, these relays 
are an important part of some instruments. Because 
they are so commonly used in aircraft and are men- 
tioned later on in the discussion of certain instrument 
systems, let’s learn how they operate. 


А relay is nothing more than an electromagnetic 
switch which you have probably seen in telephones or 
in automobile voltage regulators. There are many dif- 
ferent types, but they all work on the same principle 
as the one shown in figure 1-14. When current flows 
through the coil in a relay, the iron core becomes mag- 
netized and pulls the plate above іс down. Notice in 
the illustration that che plate is hinged on one end and 
is suspended by a spring. The plate itself is of a non- 
conductive material with a strip of iron on its lower 
surface that contacts the iron core of the magnet. 


At the other end of the plate is a set of contact points. 
Notice that the relay in figure 1-14 has just one set of 
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Figure 1-13. Magnetic Flux Around a Coil 
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contact points—some relays have more than one set, 
depending on the application. When the electromagnet 
is energized, the contact points close and the circuit 
is complete. This type of relay is known as a normally 
open relay. A normally closed relay is designed so that 
that contact points are closed when the current to the 
electromagnec is off, and they open when the coil pulls 
the iron strip down to its core. 


A solenoid is actually an electromagnet whose core— 
or part of its core—is free to move. You may have 
heard it called a “sucking coil.” Figure 1-15 shows you 
a typical solenoid in which only part of the core is 
movable—the armature or plunger. A spring within 
the coil holds the two sections of the core apart until 
“е coil is energized. Notice that this solenoid has sev- 
eral layers of tightly wound wire or coils around its 
core. This coil winding serves two purposes: it con- 
serves space and it assures that the lines of force will 
circulate through the entire coil rather than around 
each individual loop of wire. 


Solenoids are used in many different ways, in aircraft 
instruments the most common application is in posi- 
tion indicators. You will learn about some of these indi- 
cators in the following chapters of this supplement. 


SYNCHRONOUS INSTRUMENT SYSTEMS. 


Self-synchronous instrument systems ate used to meas- 
ure position, pressure, temperature, or quantity and to 
show the results of these measurements on remote indi- 
cators in the cockpit. Each synchro system consists of 
an indicator and one or more transmitters, Transmitter 
positioning is accomplished by many devices—dia- 
phragms, Bourdon-tubes, liquidometers, or a variety 
of other devices—depending on the function. The indi- 
cator synchros, in turn, are positioned by electrical 
signals from the transmitters, and assume positions 
identical to the positions of the transmitting synchros. 


Synchro systems are used where the distance from the 
Cockpit to che units being controlled or measured is 
too great for other methods. The need for piping dan- 
gerous gases or fluids into the cockpit area is also 
eliminated by the use of synchro systems. 


OPERATION OF THE SYNCHRONOUS SYSTEMS. 


There are several different types of synchro systems— 
some operate on a-c and others on d-c. You will hear 
the systems called different names, depending on the 
company which manufactures them—some of the 
common trade names are: Autosyn, (Eclipse-Pioneer), 
Selsyn, (General Electric), Learsyn, (Lear), Synchrotel, 
(Kollsman) and Magnesyn, (Eclipse-Pioneer). We will 
discuss a typica! a-c synchro in some detail, and men- 
tion a few features of a common d-c synchro. 


А typical a-c synchro system has three units—a gage 
mechanism, a transmitter, and an indicator—with a 
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Figure 1-14. A Simple Relay 


power supply that is usually a common current source 
used for other devices as well. The gage mechanism, 
which measures the movement, flow, or whatever is to 
be measured, is coupled direcdy to the transmitter 
synchro. The indicating synchro, sometimes called the 
receiver syncbro, is coupled directly to the indicator 
pointer. 


The transmitting and the receiving synchros are essen- 
tially the same. Both contain a stator and a rotor 
(armature) as shown in figure 1-16. You may recog- 
nize a similarity between these units and an ordinary 
synchronous electrical motor, in fact, the synchro 
transmitter and receiver frequently are called motors. 
They are not true motors, however, because they do 
not rotate continuously or furnish power. 


Notice that the rotors are connected in parallel and 
receive power from the a-c power supply. The stators 
are also connected in parallel with each other. When 
current flows through the circuit, identical magnetic 
fields are sec up by the current in the rotors of both 
units. These magnetic fields аге at right angles to the 
flow of current through the windings of the rotors. 
When the gage mechanism of the transmitter positions 
the transmitter rotor, definite voltages are induced in 
each of the three windings of the stator—the voltage 
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Figure 1-15. Magnetism and the Solenoid 


depends on the number of magnetic lines of force 
cutting each winding. These fixed values correspond 
to only one position of the rotor. Апу other position 
of the rotor will have another fixed set of voltage 
values. 


The induced voltages of the stator windings of the 
transmitter will be duplicated in the stator windings of 
the indicator, because the three stator windings of 
both units are connected in parallel. The same induced 
voltage values will also be found in the indicator 
rotor. Since the indicator rotor is free to rotate, it will 
take the same position ("null" position) as the trans- 
mitter rotor. It remains in that position until the 
movement of the transmitter rotor changes the values 
of the voltages in the stator windings. Through this 
method, the mechanical movement at the place of 
measurement is transmitted electrically to the pointer 
of the indicator mounted on the instrument panel in 
the cockpit. Thus, the synchro system is a simple 
method of indicating in the cockpit what a direct 
reading instrument would show at the source of the 
measurement. А-С synchros are usually operated by 
26-volt, 400-cycle current, although some use other 
voltages and frequencies. 


Now take a look at figure 1-17, showing the circuit of 
a d-c system. Instead of an armature or rotor, this 
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synchro transmitter uses contact arms. The positioning 
mechanism rotates these arms over a resistance coi! that 
is being supplied current from the airplane d-c power 
source (battery and generator system). The indicator 
unit of the system contains three windings and a mag- 
netized armature or rotor which has a north and south 
pole. Note that the windings receive current from 
three equally-spaced taps from the transmitter resist- 
ance; therefore, the magnitude and direction of the 
current in the indicator windings depend on the posi- 
tion of the transmitter contacts. 


You will recall from our discussion of electromag- 
netism that current flowing through a coi! of wire 
produces a magnetic field having strength and direc- 
tion. Іс is apparent, then, how the polarized rotor is 
turned to correspond with the position of the trans- 
mitter contact. Synchro systems, whatever the type or 
function, are not necessarily limited to a single trans- 
mitter. You will learn about some multiple synchro 
instruments which are used in the F-102A. 


PITOT-STATIC SYSTEM. 


The pitot-static system is a tubing system that brings 
air pressure from the outside of the airplane into vari- 
ous instruments and controls, It furnishes two kinds 
of air pressure: pitot pressure (which is the impact 
pressure of the air against the moving airplane) and 
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Figure 1-16. Circuit of ап А-С $упсһго 


static pressure (which is the normal atmospheric pres- 
sure surrounding the airplane). 


Pitot and static pressures are taken into the system 
through the pitor-static tube (14). In the Е-102А air- 
planes, this tube is mounted on the end of the nose 
probe (airspeed boom). Figure 1-18 shows how it con- 
necis to the airplane. The tubing (11) which carries 
the air from the boom through the radome is made of 
nylon material. Aft of che radome, aluminum and rub- 
ber tubes are used. 


Impact (pitot) pressure enters the pitot-static tube 
through an opening in its tip, (1) and, as you know, 
this pressure increases as the speed of the airplane 
increases. Static pressure enters the system through 
small parts (3) in the outer surface of the pitot-static 
tube. This pressure is unaffected by changes of speed— 
it is actually still air pressure—but varies with altitude 
changes; you will see why іп the next chapter. 


Since the pitot-static tube (14) is mounted outside the 
airplane, it is subject to icing conditions. To keep it 
warm and prevent ice from forming on it, the tube is 
equipped with a heating element of resistance wire, 
operated by a switch in the cockpit. This switch should 
not be turned on while the airplane is on the ground, 
except for very brief periods for testing. The heater is 


connected го the airplane 28-volt d-c system. You can 
see the male electrical plug (3) projecting from the 
tube in figure 1-18—the wires that connect го іс (8) 
are carried within the boom (11). 


Icing is not the only condition which affects the oper- 
ation of the picot-static system. It is obvious that any 
open tube mounted on the front of a moving airplane 
will pick up moisture, dust, and possibly other foreign 
matter. To prevent moisture from enrering the instru- 
ments connected to the pitot-static system, you will 
find several drain points (2) in the system. One drain 
hole is located in the bottom of the pirot-static cube, 
and drain taps are included in each of the two lines 
leading from the tube. If the lines become constricted 
by dirt or other foreign matter, it is necessary to 
"purge" them in accordance with the appropriate 
technical orders. 


Now let's see what the pitor-static system consists of. 
Figure 1-19 shows a schematic that includes the pres- 
sure or differential pressure measuring instruments 
operated by this system. These instruments operate on 
the diaphragm or aneroid principles which you read 


~ about earlier in this chapter. Norice the instruments 


are the airspeed and Mach number indicator, the ај- 
timeter, the rate-of-climb indicator, the engine pres- 
sure ratio indicator, and the airspeed switch of rhe 
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Figure 1-17. Circuit of a D-C Synchro 


landing gear warning system. In addition to these 
instruments, а pressure transmitter, differential pres- 
sure transmitter, altitude barometric control, up eleva- 
tor signal transducer, and elevator automatic trim 
transducer are also connected to the pitot-static lines. 
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The pitot-static system is a simple system that is 
usually trouble free. However, keep in mind that it 
carries air pressures which are measured; thus there 
can be no leaks in the system, If there are any leaks, 
all or part of the instruments connected to the system 
will indicate incorrectly. Whenever a pilot reports 
malfunctioning of more than one of these instruments 
at the same time, you should test the system according 
to the procedures outlined in the applicable technical 
orders. 


SLAVED GYRO COMPASS SYSTEM. 


The primary source of magnetic directional informa- 
tión for the F-102A pilot is the slaved gyro compass 
system. This system detects the horizontal component 
of the earth’s lines of force. How the airplane is head- 
ing in relation to these lines of force determines the 
indications given by the system. To provide stable and 
reliable indications during normal maneuvers and 
rough air conditions, a gyro is “slaved” to magnetic 
north. Movement of the airplane around the gyro is 
then transmitted electrically to the indicating mech- 
anism. 


Indications from the slaved gyro magnetic compass 
system are combined with navigational information 
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Figure 1-20. Components of Slaved Gyro Magnetic Compass System 


from other systems. Therefore, we will discuss the 
actual indicating mechanism in the next chapter along 
with the orher navigational instruments. Тһе rest of 
the components of the system which provide informa- 
tion to the indicator are discussed here — they are the 
transmitter, the directional gyro control, and the am- 
plifier. Figure 1-20 shows these units as they appear 
in the airplane. 


THE REMOTE COMPASS TRANSMITTER. 


Direction sensing for the slaved gyro compass system 
is accomplished by the transmitter. It is mounted in 
the left wing of the Е-102А — just forward of the 
elevon — where magnetic disturbance is at a mini- 
mum. Markings on the mounting flange serve as a 
reference for installation. The transmitter access door 
is labeled so you won't have any difficulty in locat- 
ing it. | 

The remote compass transmitter consists primarily of 
a fundamental flux valve unit suspended on a univer- 
sal joint and surrounded by damping fluid. The uni- 
versal joint permits the unit to hang like a pendulum, 
thus remaining in a horizontal position within its 
limits of movement (about 30? of pitch or roll). By 
surrounding the flux valve with damping fluid, ex- 
cessive oscillation is prevented. 


The fundamental flux valve unit is mainly а three- 
spoke wheel or spider made of laminated metal. Notice 
in figure 1-21 that an ехсісасіоп coil (5) is placed іп 
the center of the spider (10). This is the primary 
(exciting) coil. When the unit is in operation, this 
coil is energized with a 23.5-volt, 400-cycle alternat- 
ing current. A secondary (pick-up) coil (8) encircles 
each of the spider legs (10) to pick up induced cur- 
rent, and each leg terminates in a slot between lam- 
inated strips called flux collectors. 
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То understand the flux valve you must remember the 
basic principles of magnetism which you read about 
earlier in this chapter. Both electromagnetism and che 
natural magnetism of the earth's flux are involved in its 
operation. Remember also that alternating current 
flows first in one direction and then in the other, 
reversing its polarity in the process. For example, a 
400-cycle alternating current builds up to a maximum 
positive value, decreases to zero, builds up to a maxi- 
mum negative value, and decreases to zero—all this 
happens at the rate of 400 times per second. Here's 
how these principles apply to the flux valve. 


Because the laminated metal used in the flux valve is 
highly permeable (offers low reluctance to magnetic 
lines of force), the earth’s flux enters the spider legs. 
As the positive half-cycle of the exciting current builds 
up in the primary coil, (5) it sets up a magnetic field 
which expels the earth's flux. The expelled flux cuts 
the pickup coils (8) on the spider legs (10), inducing 
current in each one. Аз the positive half-cycle of the 
exciting current decays, the earth's fux—because of 
the higher permeability of the legs compared to the 
surrounding air—returns to the legs. Thus, it again 
cuts the pickup coils and again induces current, but of 
the opposite polarity. 


You can see, then, that а half-cycle of alternating cur- 
rent produces one full cycle of induced current. The 
negative half-cycle of che exciting current reproduces 
the action of the positive half. Since there are 400 
cycles to the exciting current, the induced current is 
800 cycles per second. 


Тһе magnitude (strength) of the induced current іп 
each pickup coil varies according to the number of 
magnetic lines cutting it. Now, notice in figure 1-22 
that the number of lines cutting each leg varies 
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Figure 1-21. Remote Compass Transmitter with Compensator Removed 


according to the position of the leg with regard to 
the earth's magnetic lines of force. Thus, the magni- 
tude of the current in each pickup coil is determined 
by the heading of the airplane. From these coils, the 
induced currents are carried to the stator of a flux valve 
synchro in the directional gyro control. You will learn 
what function this synchro performs later in the 
chapter. 


Earlier in this chapter we discussed the need for some 
means of compensating magnetic compass instruments. 
The compensating mechanism for the slaved gyro 
compass system, used in the F-102A, is mounted on top 
of the transmitter. Four small permanent magnets 
within the compensator are adjustable by the two 
screws protruding from the cover. You must never 
attempt to compensate the system without consulting 
the applicable technical orders. 


THE DIRECTIONAL GYRO CONTROL. 


This mechanism provides the stabilized reference for 
the compass system. The entire unit is enclosed in a 
sealed case and is kept dry by a silica-gel capsule. A 
window in the top of the case permits you to check 
the scale which shows the compass heading. This scale 
can be used only for ground checking of the system— 
the pilot can't see it because che unit is mounted іп the 
nose wheel well. Figure 1-23 shows the directional 
gyro control with the cover removed. 


Тһе directional gyro control is built around а horizon- 
tal gyro—that is, one which is mounted with the spin 
axis in a horizontal position relative to the earth's 
surface. The gyro is electrically driven by 115-volt, 
400-cycle, 3-phase alternating current, and spins clock- 
wise as viewed from the housing cover. The rotor is 
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Figure 1-22. Effect of Aircraft Heading on Magnitude of induced Current 


the “squirrel cage" of an induction motor. In other 
words, it rotates around the fixed, current-carrying 
stator because of induced current from the stator. 


Тһе gyro housing is the inner (horizontal) gimbal (7), 
and is free to rotate 2-80? on its bearings in the outer 
(vertical) gimbal ring (14). The vertical ring is sup- 
ported by upper and lower pivots in the frame (19), 
and is free со rotate (ог the frame can rotate about the 
ring) a full 360°, Thus, the spin axis of the gyro tends 
to remain in a horizontal position and the vertical 
gimbal is stabilized in azimuth. 


Now take a look at the operational schematic in fig- 
ure 1-24, notice that a leveling torque motor stator, 
slaving torque motor rotor, and two synchro rotors 
are attached to the vertical ring. The scale (not shown 
in this illustration) is also fixed to the vertical ring. 
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The stator of the slaving torque motor attaches to the 
gyro housing and is free to tilt with che housing, and 
the rotor of the leveling torque motor attaches to the 
upper part of the frame. It will help you co understand 
how all these devices operate if you keep in mind two 
thiogs: everything connected to the vertical gimbal 
ring can rotate all che way around within the case and 
everything connected to the inner gimbal (gyro hous- 
ing) can also tilt up or down 80? from its level 
position. 


In our discussion of the transmitter, we mentioned 
how varying the positions of the spider legs resulted 
in different signals to the flux valve synchro stator in 
the gyro control. Let's see how these signals keep the 
gyro "slaved" to the earth's magnetic meridian. You 
will recall from our discussion of synchros that any 
set of voltage values will result in a certain positional 


relationship between the rotor and stator. The flux 
valve synchro is in its null position any time the gyro 
spin axis is aligned with the lines of force of the earth. 
In other words, the rotor is properly aligned with the 
magnetic field set up by che current in the stator. 


Suppose now that something has caused the gyro to 
become misaligned with the earth's field, as detected 
by the flux valve in the transmitter. The flux valve 
synchro rotor is no longer in the proper position in 
relation to the magnetic lines of force from the stator. 
Thus, voltage is generated in the rotor. This voltage 
energizes the slaving torque motor, causing the gyro 
to precess about its vertical axis. When the gyro is 
correctly aligned, the rotor of the flux valve synchro 
is again іп its null position and the "error signal" 
ceases. 


In actual operation, once the gyro is erected and 
aligned it tends to remain that way by its own prop- 
erties of rigidity. When the airplane turns, the case of 
the directional gyro control actually turns around the 
gyro assembly. The changing position of the flux valve 
alters che voltages in the three windings of the synchro 
stator, but the stator—connected to the directional 
gyro control case—turns around the stabilized rotor 
at the same rate. Hence, the synchro tends to remain 
in the null condition throughont the turn. 


In order for the action of the slaving torque motor to 
result in the desired precession, it is necessary that the 
gyro be properly erected. A liquid level switch, at- 
tached to the gyro housing, operates che leveling 
torque motor. This motor serves to keep the gyro spin 
axis in the horizontal position unless the airplane 
exceeds the 80° limits during maneuvers. If these 
limits are exceeded, the torque motor will level the 
gyro again in a few minutes. 


Like the motor which spins the gyro rotor, the torque 
motors of the directional gyro control are induction- 
type motors. At first glance you might think that fig- 
ure 1-24 shows the positions of these two torque 
motors reversed. It looks as though the slaving motor 
tilts the gyro on its lateral axis, and that the leveling 
motor turns the vertical axis. If the gyro rotor was 
motionless, thats how it would work. Actually, the 
torque motors don’t really turn the gyro. They only 
apply a precessional force. If you will think back about 
the principles of gyroscopic precession which we dis- 
cussed earlier in this chapter, you will understand 
why they are located as they are. 


A switch located on the upper left corner of the main 
instrument panel permits the F-102A pilot to remove 
all power from the slaving motor. Ir is used when 
flying in polar regions where the “vertical component" 
of the magnetic Вих exceeds 849. You will recall from 
our discussion of magnetism that a compass will be 
affected by “dip” in these regions. When the slaving 
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switch is in "deslave," the system may be used as a 
directional gyro, and is also reliable as a compass until 
the “natural” -precessive forces—bearing drag and the 
rotation of the earth—have had time to precess the 
gyro. 


We have discussed the manner in which the heading 
of the F-102A is sensed by the transmitter, and how 
the gyro is "slaved" to the earth's magnetic field. Now 
let's see. what happens within the directional gyro con- 
trol to make use of this stable reference. 


Refer back to figure 1-24 again, and notice that the 
heading synchro is mounted in the same way as the 
flux valve synchro. Thus, the rotor of the heading 
synchro turns when the vertical ring rotates, and 
therefore, is “slaved” along with the gyro. The stator 
—being attached to the control case—turns with the 
airplane. An alternating current of 115-volts, 400- 
cycles, energizes the rotor which in turn causes an 
induced current in the coils of the stator. The relative 
positions of the rotor and stator—established by the 
heading of the airplane in relation to magnetic north 
—determines the current flow in the three stator 
windings. You can see, then, that this synchro is a 
transmitting synchro. 
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Figure 1-24. Operational Schematic of Directional Gyro Control 


As was mentioned earlier, the indicating mechanism 
which uses the information provided by the slaved 
gyro magnetic compass system is a combination instru- 
ment. The signals from the heading synchro are trans- 
mitted to the radio indicator control (bearing con- 
verter indicator) in the air-conditioning compartment, 
and from there to navigation instruments in the cock- 
pit. You will learn about those instruments in the 
next chapter. 


THE AMPLIFIER. 


The electrical power requirements of the slaved mag- 
netic compass system are supplied through the ampli- 
fier. In the F-102A airplanes the amplifier is located 
in the nose whee! well compartment, beside the gyro 
control unit. Figure 1-25 shows this unit with the 
cover removed, We will discuss the function of this 
unic without going into detail on its electronic 
operation, 


Two major functions are performed by the amplifier. 
First, this unit amplifies and detects the phase of the 
error signals from the flux valve synchro rotor in the 
directional gyro control. Thus, it determines the direc- 
tion of the error, and controls the amount and direc- 
tion of torque produced by the slaving torque motor. 
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The second major function of the amplifier is to in- 
crease the amount of voltage applied to both the slav- 
ing torque motor and the leveling torque motor when 
the system. is first turned on. When power is first 
applied to the system, the increased voltage to the 
torque motors will cause the gyro to erect at the rate 
of about 60° per minute, until the gyro is within 5° 
of its erected and slaved position. As the gyro comes 
within 5°, the torque is reduced steadily, and ceases 
completely when the gyro is properly positioned. 


After two or three minutes, from the time the power 
is first applied to the slaved gyro system, a time delay 
relay in the amplifier causes the voltage to be reduced. 
The gyro then erects at the rate of 3 to 6° per minute. 
A light on the upper corner of the main instrument 
panel, near the deslave switch, glows when the fast 
erection system is in operation. If this light does пог 
glow when power is first applied to the airplane (both 
а-с and 4-с), you should check the lamp. If the lamp is 
not burned out, the fault probably is in the time delay 
mechanism in the amplifier. You should consult T.O. 
1F-102A-2-9 before attempting any repairs. 
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Figure 1-25. Slaved Gyro Magnetic Compass Amplifier 


SUMMARY. 


It is difficult to say that certain instruments are more 
important than others, so the design of an instrument 
panel always involves some compromises. However, 
those instruments which perform similar functions are 
placed close together in logical groups. The major 


groupings which you will read about in the succeed- 
ing chapters are: the flight and navigation instru- 
ments; the engine instruments; che power supply 
instruments; and master and fire warning indicators. 
Ап additional group is covered in the last chapter. It 
includes the instruments which may not logically be 
considered part of the other groups. 
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'The instruments most frequently referred to on any 
pilo's panel are those іп the flight and navigation 
group. In the F-102A, most of these instruments are 
grouped directly in the center of che panel. Figure 2-1 
emphasizes this arrangement. 


рача 


Flight instruments indicate the ariplane movement in 
relation to the air, and the airplane attitude in relation 
to the ground. The flight instruments used in the 
F-102A are: the airspeed апа Mach number indicator, 
the sensitive pressure altimeter, che attitude indicator 
or vertical gyro indicating system, the rate-of-climb 
indicator, and the tarn-and-slip indicator. You can 
identify all of these instruments in figure 2-1. 


Navigation instruments give the pilot information 
regarding che airplane position and direction of move- 
ment. The airplane position indication is in relation 
to the navigational facilities on the ground. Its direc- 
‚ Чоп of flight indication is relative to navigational 
facilities and magnetic north. The following- naviga- 
tion instruments are used in the F-102A: the clock, 
і the deviation indicator, the magnetic standby tom- 
pass, and the radio magnetic course indicator, 
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You will notice that che magnetic standby compass 
and the radio indicator control (which operates in 
conjunction with the radio magnetic course indicator) 
are not shown on the pilot's instrument panel. Since 
the piloc does not refer to che radio indicator control, 
it is installed in the upper electronics compartment 
behind the cockpit. The standby compass is located 
in the peak of the canopy. 


Тһе order in which the flight and navigation instru- 
ments are discussed does not imply any difference in 
importance—they are all important to the pilots who 
fly the F-102A. However, to make it easier for you to 
learn and remember these instruments, they are ar- 
ranged according to similarity in function and me- 
chanical operation. 


AIRSPEED AND MACH NUMBER 
INDICATOR. 

The speed of the F-L02A airplane is indicated both by 
airspeed in knots and by Mach number. These two 
types of speed indication are combined in a single in- 
strument, the airspeed and Mach number indicator, 
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which is shown in figure 2-2. This indicator із a cylin- 
drical, airtight instrument that is vented to atmos- 
pheric pressure through the static section of the pitot- 
static system. It consists of a fixed airspeed dial, a rotat- 
ing Mach number dial, three pointers, three dia- 
phragms and actuating linkage, and two fittings on che 
aft side of the case for connections to the pitot-static 
system lines. The knob you see on the front of the 
instrument is che only control which the pilot has 
over its operation. 


This indicator is actually a sensitive differential-pres- 
sure instrument. It measures the difference becween 
pitot (impact) pressure and static (atmospheric) pres- 
sure, and indicates this difference as airspeed in knots. 
It also utilizes the change in air pressure that is caused 
by increasing or decreasing altitude. This change in 
pressure rotates the Mach scale to indicate the proper 
Mach number. Before we discuss how this instrument 
works, a brief review of airspeed and Mach number 
is given to refresh your memory on these two types of 
speed indication. 


AIRSPEED. 


Speed is the rate of motion or distance traveled per 
unit of time. Airspeed is speed measured in relation to 
the air mass. Each type of aircraft has specific airspeed 
requirements for takeoff, landing, and various aerial 
maneuvers. In addition, there are maximum speed 
limitations imposed on every airplane for certain con- 
ditions of flight, such as maximum safe dive speeds 
and maximum safe speeds with landing gear and flaps 
extended. You can easily see why a pilot must know 
his airspeed for the safe operation of his aircraft. 


The rate of travel over the surface of the earth is 
known as groundspeed. Ап automobile speedometer 
indicates groundspeed because the tires are in contact 
with the pavement. To determine the groundspeed of 
an airplane isn't such a simple matter. Frequently a 
pilot computes his groundspeed to determine how far 
he can go in a given amount of time or with a certain 
amount of fuel. If he knows his airspeed, he can figure 
his groundspeed by allowing for the effect of wind on 
his aircraft. Another method is to clock the flight time 
between points on the ground which are a known 
distance apart. 


Тһе relation. between airspeed and groundspeed is 
Shown in figure 2-3. Note that the "wind component" 
is added to, or subtracted from, the airspeed—depend- 
ing on whether it is a headwind or a tailwind—to 
obtain the groundspeed. In the case of a direct head- 
wind (or tailwind), the total speed of the wind is 
added or subtracted. This is not true when the air 
mass is moving at an angle to the line of flight. The 
difference between airspeed and groundspeed will then 
depend on the angle at which the wind is blowing as 
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Figure 2-2. Airspeed and Mach Number 
Indicator 


well as its velocity. The point to remember from all 
this discussion is that the actual flight of an airplane— 
the lift, thrust, and drag factors involved—depends 
on its relation to the air. The arplane speed over the 
ground is important in the final accomplishment of its 
mission, rather than in its flight characteristics. 


Airspeed indicators are calibrated in miles-per-hour or 
in knots. А knot is a unit of speed equivalent to one 
internationa! nautical mile an hour. Án international 
nautical mile is equivalent to 1.15079 statute miles. 
The airspeed indicator in the F-102A is calibrated in 
knots. 


MACH NUMBER AND SONIC SPEED. 


Aircraft that fly at speeds approaching or exceeding 
the speed of sound (sonic speed) also use another type 
of speed indication known as Mach number. Mach 
number is the ratio of the speed of an object со the 
speed of sound under identical atmospheric conditions. 
Mach number 1.0 is the unit of measurement of the 
speed at which sound travels. The speed of sound 
decreases with altitude. It varies from approximately 
660 knots (761 mph) at sea level to 573 knots (660 
mph) at 35,000 feet, and is correspondingly less at 
higher altitudes. 


HOW THE INDICATOR WORKS. 


In figure 2-2, airspeed is shown on the fixed dial (100 
knots) by the larger of the two needles. The same 
needle indicates the corresponding Mach number on 
the rotating dial (Mach number) which is visible 
through a cutout in the fixed dial. As altitude in- 
creases, the Mach dial revolves counterclockwise. Thus, 
regardless of the airplane’s altitude, Mach number 1.0 
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is always directly opposite the number on the knots 
scale that corresponds to the speed of sound. 


Тһе pilot may set the index pointer on the outer rim 
of the dial to show some special condition, such as 
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Figure 2-4. Airspeed and Mach Number 
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take-off or landing speed. It is adjustable between 
100 and 200 knots by the SET INDEX knob on the 
front of the instrument, and remains in the set position 
regardless of the airplane speed or altitude. The small 
needle is adjusted from the back of the case, and oper- 
ates from an altitude mechanism to show a maximum 
allowable airspeed. However, in the Е-102А this needle 
is not used and is therefore preset to its maximum 
position. Instead, the maximum permissible dive speed 
is indicated by a red line on the dial. A yellow line on 
the dial indicates the maximum speed at which the 
pilot can extend the landing gear. 


Now let's take a closer look at the internal mechanism 
of the indicator. Figure 2-4 is simplified, but it shows 
the basic principles of operation. Impact pressure from 
the pitot tube enters the airspeed diaphragm. Atmos- 
pheric pressure from the static line is conveyed to the 
inside of the air-tight case. When the plane is motion- 
less on the ground (and not headed into the wind), the 
pressure in the diaphragm is equal to the static pres- 
sure of the air within the case, and no reading appears. 
However, when the airplane is moving through the 
air, the impact pressure becomes greater than the static 
pressure. This pressure differential increases as the 
forward motion of the airplane increases and the dia- 
phragm expands proportionately. The lever and gear 
mechanism transmits the diaphragm distortion to the 
larger pointer which moves clockwise around the dial. 
Thus, the distortion of the diaphragm, being a measure 
of the differential pressure, is also a measure of air- 


speed. 


Pressure poitions the Mach number scale in a some- 
what different manner. Ап aneroid-type diaphragm 
(similar to that which operates the altimeter) is used. 
Тһе aneroid-type chamber is evacuated and sealed— 
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Figure 2-5. Airspeed and Mach Number Indicator Readings at Various Altitudes 


the airspeed diaphragm receives pressure from an ex- 
ternal source. The aneroid-type chamber is surrounded 
by static air pressure—the same pressure acting on the 
outer surface of the airspeed diaphragm. Since atmos- 
pheric pressure reduces as altitude increases, the sealed 
Mach number diaphragm expands in a manner similar 
to a rising balloon. The mechanical linkage rotates the 
Mach number scale according to the amount of dia- 
phragm expansion. The scale rotates counterclockwise 
so that Mach 1.0 lines up with the knots scale to indi- 
cate the speed of sound at that particular altitude. 
Thus, the long pointer indicates the airplane speed Бу 
Mach number and knots. 


You learned previously that this instrument had three 
diaphragms. The third diaphragm, which is not shown 
on the illustration, is connected to the smaller needle 
on the dial. Since this needle is not used on che F-102A 
and is preset to its maximum position, we will not 
discuss it or how the third diaphragm affects its 
movement. 


Note, in figure 2-5, the dial readings for airspeed and 
Масћ number at 15,000 and 30,000 feet. You can see 
that Mach 1.0 is equal to 625 knots airspeed ас 15,000 


feet altitude. Аз you know from the previous descrip- 
tion of the Mach indicator, the Mach scale moves auto- 
matically to align Mach 1.0 (the speed of sound) to 
the appropriate airspeed reading. Therefore, at 15,000 
feet the pilot can see that Mach 1.0 will be 625 knors 
and at 30,000 feet, Mach 1.0 will be 588 knots. 


Since the operacion of the airspeed and Mach number 
indicator depends on the pressures in and around its 
diaphragm, you can see why there must be no leaks or 
restrictions in the systems which provide these pres- 
sures. If the pitot-scatic lines become plugged or 
develop leaks, the airspeed indication will be too low. 
Even a cracked instrument glass or other leaks in the 
case can cause serious inaccuracies in the instrument 
readings. These leaks will allow the pressurized air 
in the cockpit to replace the true static air pressure 
surrounding the diaphragm. 


In the preceding chapter you were advised to follow 
the instructions in your F-102A Maintenance Techni- 
cal Order (T.O. 1F-102A-2-9) when checking out the 
pitot-static system, but this point is worth repeating! 
More airspeed indicators (and other instruments on 
the pitot-static system) are damaged by persons blow- 
ing into the pitot-static tube chan by normal wear and 
tear. 
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Figure 2-6. Sensitive Pressure Altimeter 


SENSITIVE PRESSURE ALTIMETER. 


То understand the operation of an altimeter you must 
first know the purpose for which the indicator is 
intended and the factors that are involved in its oper- 
ation. It might be well, then, to define altitude and 
review some of the principles upon which the altim- 
eter operates. 


ALTITUDE. 


Altitude is the height of the aircraft above some level 
used as a reference point. Since there are several pos- 
sible reference points, chere is more than one kind of 
altitude. You can understand the basic principles of 
altitade measurement by considering the types of 
measurement: true altitude, which is the height above 
sea level; absolute altitude, which is the height above 
the terrain directly under the aircraft; and pressure 
altitude, which is the height above the standard datum 
plane. 


The standard datum plane is based on what is called 
the standard atmospbere, Standard atmosphere refers 
to a condition in which the sea level pressure is 29.92 
inches of mercury at --15°С, and in which the pressure 
and temperature decrease at a standard lapse rate for 
any increase in altitude. The rate of decrease of tem- 
perature and pressure as altitude increases (or standard 
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lapse rate) is not too important at low altitudes. There 
is quite a distinct difference between pressures and 
temperatures below 10,000 feet, but as the altitude 
increases above this point, the variations become more 
critical. For this reason, only pilots flying аг high 
altitudes need to worry about the standard lapse rate 
and you should not concern yourself too much with 
this relationship. The 0-foot level (sea level) of the 
standard atmosphere is the standard datum plane. 


Standard atmosphere is theoretical and exists only on 
paper. The actual atmosphere varies greatly from this 
standard. However, since an altimeter has not been 
designed to indicate the true altitude under all atmos- 
pheric conditions, this average has been set up as the 
standard, and is called the standard atmosphere. 


DESCRIPTION OF THE ALTIMETER. 


The sensitive pressure altimeter has three pointers 
which rotate over a fixed dial. As you can see in figure 
2-6, the dial is numbered from 0 through 9 and grad- 
uated in intervals of 20 feet. The largest pointer makes 
one complete revolution for every 1,000 feet of alti- 
tude. А shorter pointer makes one revolution for 
every 10,000 feet of altitude. The third pointer, the 
shortest and thickest of the three, turns at 1/10 the 
rate of the second pointer up to the maximum limits 
of the instrument. 


An additional scale is used to indicate barometric 
pressure. Ás you can see, this scale shows through an 
opening known as the Kollsman window in the main 
dial. The opening із called the Kollsman window be- 
cause the Kollsman Instrument Company was the first 
to incorporate the barometric scale on the altimeter 
in this fashion. You can adjust this scale for the cor- 
rect barometric pressure by turning the knob on the 
front of the instrument. This knob also moves the 
three pointers along the altitude scale. 


"The altitude sensing unit consists of two metal aneroid 
diaphragms linked mechanically to the pointers and 
the setting mechanism. These aneroid diaphragms 
are the sealed, evacuated boxes of thin metal construc- 
tion which you learned about in Chapter I, and which 
expand and contract with the changes of pressure on 
their outer surfaces. The entire sensing and indicating 
gear is enclosed in an air-tight case that is vented to 
atmosphere through a static air connection at the 
aft end. 


HOW THE ALTIMETER OPERATES. 


Essentially, the altimeter is ап aneroid barometer cal- 
ibrated to show altitude in feet rather than barometric 
pressure. To understand the functioning of the altim- 
eter, you must first understand the principle of the 
barometer. The atmosphere is an ocean of air sur- 
rounding the earth. Air has weight and density 
(weight per unit volume) just as water has, and this 


weight produces pressure. The pressure is heaviest at 
the bottom of this "ocean" of air, or near the surface 
of the earth, just as the pressure of water is greatest 
at the bottom of the sea. Atmospheric pressure at sea 
level is approximately 14.7 psi (pounds per square 
inch). 


Air differs from water in one very important respect: 
namely, compressibility. Water is practically incom- 
pressible, so pressure decreases upward from the bot- 
tom of the ocean at a uniform rate. Air can be com- 
pressed into a smaller volume, however, causing its 


density to increase. Therefore, a given volume of air 


at sea level contains more air and weighs more than a 
similar volume of air above sea level. Аз you can see 
from figure 2-7, a cubic foot of air at the surface of the 
earth is compressed by the weight of the column of 
air extending directly above it to the upper limits of 
the atmosphere. When a unit of air is raised higher 
above the earth, «һе column of air above it becomes 
shorter; consequently, the air is not compressed as 
much and its density is lower. Thus, both pressure 
and density decrease as altitude increases. 


The mercurial barometer is a device which сап meas- 
ure atmospheric pressure. It consists of a tube of mer- 
cury sealed at the top and inverted in an open dish 
of mercury. Atmospheric pressure supports the column 
of mercury in the tube at a level where the weight of 
the column is equal to the weight of a column of air 
of equal diameter extending to the upper limits of 
the atmosphere. Апу change in atmospheric pressure 
causes a corresponding change in the height of the 
column of mercury. 


The pressure exerted by a column of liquid is equal 
to the density of the liquid times the height of the 
column. Therefore, atmospheric presssure can be cal- 
culatd by multiplying the density of mercury by the 
height of the column in the barometer. However, it 
is simpler to express atmospheric pressure in terms of 
the height of the column. Although the pressure at 
sea level varies, 29.02 inches of mercury (in. Hg) is 
taken as the standard value. 


An aneroid barometer measures atmospheric pressure 
in a different manner, but reflects the value in inches 
of mercury. The aneroid barometer consists of a sealed, 
evacuated cell (or aneroid unit) which expands and 
contracts with changes in pressure on its outer surface. 
Mechanical linkage transmits this expansion and con- 
traction to the dial needle. By changing the dial to 
read altitude in feet instead of inches of mercury, you 
have an altimeter. Regardless of the dial calibrations 
you must remember that the aneroid unit actually 
measures pressure, 


When 29.92 is set in the Kollsman window, the read- 
ing of the altimeter is called pressure altitude. Pres- 
sure altitude does not correspond with true altitude 
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Figure 2-7. Atmospheric Pressure Measurement 


unless the pressure flight level corresponds to the 
standard atmosphere altitude. Actually, it is ап exact 
expression of flight-level pressure. 


When the pressure lapse rate is standard, the alti- 
meter is designed to show true altitude. The altimeter 
setting system enables you to correct for the differ- 
ence between actual pressure and standard pressure. 
This involves turning the knob on the front of the 
instrument until the actual sea level atmospheric 
pressure appears on the barometric scale. Then the 
altimeter will show the true altitude at ground level, 
and the correct pressure altitude above that level. If 
the pressure lapse rate above the ground is standard, 
the altimeter reads true altitudes at other levels as 
well. 


Ordinarily, the pressure lapse rate is not standard. Air 
expands as the temperature increases, so warm air is 
less dense than cold air. Ás a result, the pressure lapse 
rate is less in a column of warm air than in a column 
of cold air. Therefore, pressure decreases less rapidly 
with height in warm air than in cold air, and the 
altimeter tends to read too high in cold air and too 
low in warm air. 


Naturally the pilot of an aircraft is interested in his 
absolute altitude — his height above the terrain — 


31 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


MOUNTING HOLES 


CLIMB 
FT PER MIN 


“O” ADJUSTING SCREW 


8144502278 


Figure 2-8. Rute of Climb Indicator 


otherwise he would always be in danger of flying into 
mountain peaks or other obstructions. Therefore, he 
computes his true altitude from his indicated alti- 
tude and then consults an aeronautical chart to deter- 
mine the height above sea level of the terrain where 
he is flying. Of course, before attempting to compute 
his true altitude the pilot must make sure that his 
altimeter setting is correct. If the indicated altitude 
does not show the correct pressure level above sea 
level pressure in that area and at that time, his true 
altitude figures will also be in error. 


Frequent weather reports are broadcast over aircraft 
radio stations. Each station computes its altimeter 
setting by taking a barometric reading and convert- 
ing it to sea level pressure by applying the standard 
pressure lapse rate. Thus, a station 500 feet above 
sea level reports its altimeter setting as the barometric 
reading it would get if taken ас the bottom of a 500 
foot well. А pilot planning to land at that station 
would set the station reading into his Kollsman win- 
dow, and upon landing his altimeter would indicate 
the actual field elevation. 


If the altimeter does not show the correct field eleva- 
tion (plus the approximate height of the instrument 
above the runway) when the pressure setting is cor- 
rect, the relationship between the diaphragm and 
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pointers must be changed. This is accomplished by 
loosening the screw next to the setting knob. Then 
you can make the pointers and pressure scale agree by 
rotating the setting knob. Normally, this operation is 
performed in the instrument shop, and does not con- 
cern the line mechanic. 


Since the altimeter is connected to the static system, 
it is subject to error from some of the same causes as 
the airspeed and Mach number indicator. There is 
no need to repeat these causes, bur remember — don't 
blow into the static lines! Diaphragms are easily 
damaged. 


RATE OF CLIMB INDICATOR. 


Often the pilot of an aircraft wants to maintain his 
flight at a constant altitude, or change his altitude at 
a certain rate. When the horizon is clearly visible, this 
may not present any problem, however, when weather 
conditions obscure visibility, he must rely on his in- 
struments. There are two ways in which the pilot can 
determine his rate of ascent or descent. One way is to 
clock the movement of the altimeter hands. Án easier 
and quicker way is to have a separate instrument to 
measure vertical speed — this is precisely what the 
vate of climb indicator does. 


Тһе rate of climb indicator (sometimes called dive- 
and-climb or vertical-speed indicator) is an airtight 
instrument vented to atmospheric pressure through 
the static system. Figure 2-8 shows you the face of 
this indicator as you see it in the cockpit. This in- 
strument contains a sensitive diaphragm, temperature 
compensating device, restrictor valve, single pointer 
and dial, and connecting tubing and mechanical link- 
age. The adjustment screw shown at the lower left of 
the indicator case is used to center the pointer on zero. 


Although this indicator receives pressure from only 
one source, it operates as a differential pressure meas- 
uring device. It measures the difference between static 
pressure at different altitude levels. The difference is 
Shown on the dial which is calibrated from 0 to 6000 
feet-per-minute. Rate of ascent is shown on the upper 
sector of the dial; rate of descent is shown on the 
lower sector. 


HOW THE INDICATOR WORKS. 


In the explanation of the altimeter, in this chapter, you 
saw how atmospheric pressure decreases with increas- 
ing altitude. By measuring the rate of change of the 
atmospheric pressure surrounding the airplane, it is 
possible to measure the rate of ascent or descent. The 
rate of climb indicator operates on this principle. Fig- 
ure 2-9 shows the schematic operation of this instru- 
ment in three conditions: level flight, dive, and climb. 
In the following paragraphs, refer to these three oper- 
ational schematics as you learn how this indicator 
operates. 


O 
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Figure 2-9. Rate of Climb Operational Schematic 


Static air pressure is admitted to the instrument from 
the fitting at the aft end. This air pressure flows freely 
through the larger tube into (or out of) the flexible 
metal diaphragm. The smaller tube admits the same 
static pressure from the fitting through a calibrated 
restrictor valve. The pressure which passes through 
this retarding mechanism fills the airtight case around 
the diaphragm. Any difference between the pressure in 
the diaphragm and the pressure that surrounds ic 
causes the diaphragm to expand or contract. This 
movement is transmitted by levers and gears to the 
pointer. 


А pressure differential is created whenever the airplane 


, Changes altitude. When the airplane climbs, the pres- 


sure inside the diaphragm reduces as the altitude in- 
creases. Because of the restrictor valve, the pressure of 


the air surrounding the diaphragm reduces more 
slowly. This pressure differential increases at a rate 
that corresponds to the airplane's rate of climb. The 
diaphragm contracts and the pointer moves on the 
upper scale of the dial to a point corresponding to the 
difference in pressure. Conversely, when the airplane 
dives, the diaphragm receives the increased atmos- 
pheric pressure more rapidly. It expands and deflects 
the poiater downward on the dive scale an amount 
corresponding to the rate of descent. Whenever the 
airplane returns to level flight, the pressure on both 
surfaces of the diaphragm equalizes and the pointer 
returns to zero. It takes several seconds for this to 
occur due to the action of the restrictor valve. The 
same characteristic prevents excessive oscillation of «Бе 
pointer that might result from air "bumps" and re- 
sulting sudden changes in pressure. 
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Figure 2-10. Rate of Climb Cutaway 


Temperature compensation occurs automatically 
within the instrument by means of the chemical con- 
tainer assembly and damping valve shown in figure 
2-10. The damping valve compensates for temperature 
changes by modifying the flow of air to the container 
assembly and diaphragm. The container assembly has 
two compartments. The charcoal and sand compart- 
ment absorbs air that is decreasing in temperature and 
releases air when its temperature rises. The alcohol 
and water compartment delays the rate at which the 
temperature of the charcoal changes. 


Operation of the rate of climb indicator is independent 
of any external control, except for che zero adjusting 
screw. This screw offers a simple and convenient means 
of making minor adjustments before flight if, for any 
reason, the pointer may not be centered. 


TURN AND SLIP INDICATOR. 


The turn and slip indicator (also called the turn and 
bank indicator) combines two instruments in one. The 
slip indicator is a sealed glass tube situated on the 
lower part of the dial, as shown in figure 2-11. All 
other parts of the instrument make up the turn indi- 
cator. Since the two indicators function independently, 
we will discuss them separately; then you will under- 
stand why they are combined into one instrument. 
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THE SLIP INDICATOR. 


This indicator is nothing more than a simple inclinom- 
eter, that is, a device that indicates when it is inclined 
or tilted, and it operates much like a pendulum. The 
curved glass tube contains a ball and a damping liquid. 
'The fluid merely provides for smooth movement of 
the ball within the tube. Since the tube is mounted 
horizontally, gravity tends to keep the ball in the 
center (the lowest point) when the airplane is flying 
with the wings level. Now suppose that the airplane 
is banked for a turn to the left. Gravity is still pulling 
the ball roward the lowest point, which then becomes 
the left end of the tube. But now centrifugal force 
enters the picture, it tends to throw the ball outward 
from the center of the turn which is the high side of 
the tube. The actual position taken by rhe ball is there- 
fore determined by the relative pull of these conflict- 
ing forces. 


Indications Presented by the Slip Indicator. 


Figure 2-11 shows how the slip indicator appears under 
three typical flight conditions. In the left view you can 
sée the slip indicator in a perfectly coordinated turn 
in which the degree of bank is correct for the rate of 
turn—the centrifugal force and gravity are balanced. 
This balancing of forces centers the ball between the 
reference matkers. The upper right view shows the 
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indicator when the airplane is banked without а suffi- 
cient turn; the airplane slips, «һас is, іс slides off on the 
low wing and loses altitude, The airplane slips because 
the centrifugal force is less than the pull of gravity. 
The ball, being affected by the same forces, moves to 
the lower side of the tube. On the other hand, when 
a turn is made with too little bank, the airplane skids 
—slides to the outside of the turn—and the ball does 
the same as shown in the lower right view. 


THE TURN INDICATOR. 


'The turn indicator needle, which is shown above the 
slip indicator in figure 2-12, points in the direction the 
airplane is turning. This needle is actuated by the 
movement of a restricted (not universally mounted) 
gyro that is driven by the 28-volt 4-с electrical system. 
The gyro is mounted so that the rotor spin axis is nor- 
mally held by spring tension parallel to the lateral 
axis of the airplane. You will recall from the discus- 
sion on gyros in Chapter І that precession is one of the 
basic properties of all gyros. The gyro assembly in the 
turn-indicator always precesses about its longitudinal 
axis when a force or torque is applied about the ver- 
tical axis. To understand how this precession is trans- 
mitted to the pointer, study figure 2-12. 
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figure 2-11. Three Typical Indications on the Turn and Slip indicator 


Suppose that you are looking at an actual operating 
turn indicator from the same view as shown in the 
illustration. The rotor will be spinning clockwise—up 
and away from the dial. Now, if you take the entire 
instrument and turn it to the left, the gyro assembly 
will cilt to the right on its longitudinal axis. You are 
actually pivoting the gyro about its vertical axis by 
applying a force at (һе bearings of the longitudinal 
axis, Remember, that che precession always takes place 
90? ahead of where the force is applied and in the 
direction of rotation. The amount of precession will 
correspond to the rate at which the instrument is 
turned, but will not exceed 459 in either direction 
because of the mechanical stops, Precession will cease 
the instant you stop turning the instrument, and the 
spring tension will return the gyro assembly го its 
normal position. 


Now follow the train of action from the gyro assembly 
to the pointer. When you rotated the instrument to 
the left, as in a left turn, the gyro assembly tilted to 
the right. То make the pointer show the actual direc- 
tion of the turn, a reversing mechanism is used. Іс 
consists of a plate attached to the gyro assembly with 
a projecting rod on the lower end. This rod engages 
between the two vertical pins on the pointer shaft. 
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Thus, when the gyro assembly and reversing mecha- 
nism rotate clockwise, the pointer moves counterclock- 
wise a proportionate amount—it works exactly like 
two meshed gears. 


Excessive oscillation of the turn indicator pointer is 
prevented by a damping unit. Referring again to fig- 
ure 2-12, notice that a piston is linked to the gyro 
assembly. Any precession of the gyro moves the piston 
within the cylinder which is attached to the instru- 
ment case. Ап adjustable opening, near the top of the 
cylinder, permits the damping effect to be changed in 
the instrument shop. Remember that the arrows in 
figure 2-12 show the action that occurs in a left turn 
only. In a right turn, the movement of the turn mech- 
anism is reversed. Of course, the gyro rotor always 
spins in the same direction. 


You have learned, in the previous paragraphs, how 
the gyro assembly—and therefore the pointer—deflects 
to correspond with the rate the airplane is turned 
around its vertical (yaw) axis. It is not affected by 
movements about the lateral (pitch) or longitudinal 
(roll) axis. The pilot of an airplane uses this informa- 
tion during many maneuvers, such as flying a holding 
pattern under instrument (blind flying) conditions. It 
also helps him to keep a desired heading. In the 
F-102A, as well as other high speed aircraft, the turn 
indicator is calibrated for a four minute needle-width 
turn. In other words, when the pointer deflects its own 
width from the center, the pilot knows he will make 
a complete 360? turn in four minutes. 


THE TURN AND SLIP INDICATOR AS A UNIT. 


Everything that a pilot needs to know to make а 
coordinated turn at a given rate is provided by the 
turn and slip indicator. It was the first genuine blind 
flight instrument developed, and is the first instrument 
a pilot consults when attempting to recover from an 
unusual flight attitude. The phrase "center the needle 
—center the ball" is drilled into every student pilot. 


You should have very few maintenance problems in- 
volving the turn and slip indicator. If a pilot reports 
that the turn needle does not respond smoothly, 
replace the instrument. Since proper functioning of 
the instrument depends. on correct gyro speed, check 
the power supply first, When the airplane is station- 
ary, the pointer must indicate zero whether power is 
ON or OFF. The ball inclinometer is practically trou- 
ble-free. If апу discoloration occurs in the damping 
fluid or luminous backing and center lines, replace 
the instrument. 


ATTITUDE INDICATOR. 


You will recall in the discussion of gyro instruments 
in Chapter I that a pilot must have some reference to 
the horizon to maintain safe flying attitudes. If the 
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horizon is obscured for any reason, artificial refer. 
ences must be provided. This artificial reference is 
made possible by using an attitude indicator. The atti- 
tude indicator is a gyro instrument which provides an 
artificial reference by showing the attitude of an air- 
craft in relation to the earth’s horizontal plane. It 
functions during any maneuver, giving the pilot an 
indication of angular displacement (tilting) through- 
out 360° of pitch or roll. 


The attitude of the aircraft is shown on this instru- 
ment ріссогіаПу by the position of a miniature air- 
plane on a sphere, a horizon bar, and graduation 
marks. Figure 2-13 provides you with a cutaway view of 
this instrument. The knobs you see on the front of the 
instrument are the only control which the pilot has 
over its operation. The caging knob on the right is 
used to return the horizon bar to a plane parallel with 
the horizontal axis and perpendicular to the vertical 
axis of the aircraft. The other knob that you see on the 
left of the indicator is used to raise or lower the minia- 
ture airplane. This is necessary to maintain a level 
flight condition for varying speeds and load conditions. 
The pilot can also use this knob to set the indicator 
for a certain climbing or gliding attitude. The OFF 
flag shown at the top of the instrument face disappears 
whenever current is supplied to the instrument. 


CONSTRUCTION OF THE ATTITUDE INDICATOR. 


As you can see in figure 2-14, the gyro assembly is 
mounted in a pipe which is cast as part of the case. 
The shaft extension from the outer gimbal fits into 
the pipe and is free to rotate on ball bearings within 
the pipe. The inner gimbal is free to rotate within the 
outer gimbal and supports the gyro rotor in a vertical 
position on ball bearings. Thus, the rotor is able to 
maintain a fixed position when the airplane climbs, 
dives, or rolls. 


The attitude indicator is operated by 115-volts, 400- 
cycle alternating current. This power enters through 
a connector on the back of the case and leads to both 
the gyro assembly and the low inertia OFF flag moror. 
The low inertia motor serves only to move the OFF 
flag from sight when power is supplied to the instru- 
ments. Five low-friction contact points carry the cur- 
rent from the gimbals to the gyro rotor. 


Erection Mechanism. 


Any gyro, even when universally mounted, is subject 
to precession from bearing drag and external forces. 
То keep the gyro erect, some mechanism is always pro- 
vided which will return it to the desired position. The 
spin axis of the gyro in the attitude indicator is auto- 
matically erected to a vertical position by «һе weight 
of steel balls. Figure 2-15 shows you how this works 
in the érection mechanism. 
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Figure 2-12. Turn and Slip Indicator 
Cutaway View 


As you can see, a round magnet is attached to the 
upper end of the gyro spin axis. It spins at che same 
rate as the gyro rotor, about 21,000 rpm. Surrounding 
this magnet is a plate that is supported by ball bear- 
ings to prevent it from touching the spinning part of 
the gyro or magnet; however, the magnetic attraction 
from the spinning magnet rotates the plate at about 
45 rpm. Note that recesses on top of the plate hold 
two steel balls. When the gyro is erect, the bails 
rotate at a steady speed. If the gyro tilts, che balls slow 
down at some positions in their rotation and speed up 
at others even though the plate turns at a fairly con- 
stant speed. This is possible because the balls are free 
to move forward or backward within their slots. As 
the balls pass the high point of the tilted gyro, gravity 
rolls them forward rapidly and they spend very little 
time on the "downhill" side of the gyro. When the 
balls reach the "uphill" side of the gyro, gravity causes 
them to return to the trailing ends of their slots; con- 
sequently, they spend more time on the "uphill" side 
of the gyro. 


Since the balls spend more time on the “uphill” side 
of the gyro, more weight is exerted in this position. 
More weight means more precessional force. The pre- 
cession takes place 90° ahead of the force—in the 
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direction of rotation—so the high side will precess 
downward. This precession will continue until the 
spin axis is vertical. 


Caging Mechanism. 


When power is applied to the attitude indicator, the 
gyro will attain normal operating speed and position 
in about three minutes. Sometimes that is too long, as 
in the case of a "scramble" for takeoff. The manual 
caging mechanism permits a pilot to erect the gyro 
after power has been on for only 30 seconds. The gyro 
will have attained enough speed rn that time to remain 
erect. Thus, it is not necessary to keep ground power 
connected during an alert just to keep the gyro erect. 


Quick erection by caging is also useful in the air. 
Certain errors in indication, which we will explain 
later, are induced by high speed maneuvers. The pilot 
can erect the gyro and eliminare these errors auickly. 
You should remember, however, that caging the gyro 
erects it to a vertical position in che case. The pilot 
must have other gyro instruments or visual reference 
to the ground ro be sure he is flying straight and level 
when he cages this instrument, otherwise it will not 
be vertical with reference to the ground. 


Caging the attitude indicator is accomplished with 
two projecting arms which are actuated by the PULL 
ТО CAGE knob. The gyro will center first on the roll 
axis and then on the pitch axis. To cage the gyro, you 
must pull the knob smoothly and release it quickly. 
Тһе knob is spring-loaded to return to the uncaged 
position. To make sure that the spring-loaded mecha- 
nism has returned the caging knob to the uncaged 
position, push on the knob immediately after you 
release it. ТЕ it is not all the way іп or if the gyro 
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Figure 2-13. Attitude Indicator 
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immediately precesses, the caging mechanism is not 
operating properly and you must replace the in- 
strument. 


PRESENTATION OF INDICATIONS. 


То understand how tlie attitude indicator works, you 
must remember that the gyro assembly—and conse- 
quently the spherical dial—actually remains in a fixed 
position while the case moves around it. The horizon 
bar is hinged to che gyro mounting and connected to 
the gyro assembly by a fork and pin arrangement. The 
pin engages the fork so that it operates like a gear 
train. 


In figure 2-16 you can see the various indications these 
units present on the face of the instrument. Several 
attitudes of flight and the corresponding indication 
for each are shown. You may never see the attitude 
indicator in these positions, but you will understand 
the instrument better if you study them. When the 
airplane climbs, the horizon bar drops below the min- 
iature airplane. When it dives, the bar rises above the 
miniature airplane. This bar will show the airplane 
attitude up со a 27? climb or dive. Beyond these limits, 
the pin slides out of the fork and the horizon bar 
stops moving. The sphere itself, which is not moving, 
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then becomes the new reference. А continued increase 
in pitch angle, approaching the vertical attitude, is 
indicated by the word CLIMB or DIVE on the sphere. 
Notice that the word DIVE is on the top of the sphere 
and the word CLIMB is on the bottom. This is because 
the sphere remains stationary and the instrument case 
tilts around it. 


When the aircraft approaches а 90° pitch (as it does 
during a loop) a controlled precession takes place. The 
gyro strikes a mechanical stop on one side of the rotor 
gimbal. Since the stop is only оп one side, a 180° 
precession results. Thus, the horizon bar turns com- 
pletely over. In the case of a loop, controlled preces- 
sion occurs twice—once when it is going straight up 
and once when it is going straight down. Therefore, 
when the aircraft attitude is again within 27? of level 
flight, the bar is completely operable. 


Errors in Indication. 


Тһе usual errors in a vertical gyro instrument are соп- 
siderably exaggerated in high speed flighr. The great- 
est of these is the turn error. Remember tbat the gyro 
in the attitude indicator remains vertical when the 
airplane rolls, as іп a turn. As a result, centrifugal 
force tends to keep the balls in the erection mechanism 
toward the outside of the turn too long. The gyro 
precesses, and when level flight is resumed, the horizon 
bar is not centered. А similar situation exists during 
rapid acceleration, because the balls tend to slow 
down at the aft end of their plane of rotation. The 
force is the same as you feel when you floor the accel- 
erator of a "hot" car. These errors are usually referred 
to as Sluggishness or instrument lag. Normal erection 
will take place once true gravitational forces are sensed 
by the erection mechanism. 


Тһе instrument panel in the F-102A is slanted some- 
what to permit the best possible view from the pilot's 
seat. As а result, the attitude indicator is mounted with 
a wedge along the bottom half of the bezel. This is 
necessary to keep the instrument perpendicular to the 
earth's horizontal plane. Without the wedge, the in- 
strument would indicate a dive attitude when the 
aircraft was in level flight. А new type of attitude indi- 
cator—called the vertical gyro indicating system—is 
installed in later models of the F-102A. In this system, 
a rate gyro and torque motor are used to eliminate the 
errors mentioned above. This system is the next to be 
discussed. 


VERTICAL GYRO INDICATOR SYSTEM. 


The vertical gyro indicating system is an improved 
attitude indicating system. Presentation of the infor- 
mation is accomplished in a different manner, and the 
system eliminates some of the errors inherent in the 
old indicator. Some of the theory of operation is 
identical for the two systems and is not duplicated 
here. The most obvious difference between the two 
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Figure 2-15. Attitude Indicator Erection Mechanism 


systems is that the attitude indicator is a self-contained 
unit, whereas the vertical gyro indicating system is 
made up of two separate components: a remote indi- 
cator and a control unit, Figure 2-17 shows you both 
units as they appear in the aircraft. 


Note in figure 2-17 that the markings on the indicator 
are similar to those on the attitude indicator of figure 
2-16. This indicator shows the lines representing the 
angles of dive and climb, and the placarding CLIMB 
and DIVE at about the 30? angle. The miniature air- 
plane, which shows the airplane attitude, is also very 
similar in appearance. On the control unit cover you 
сап see the DIRECTION OF FLIGHT arrow. Al- 
though it would be difficult for you to install this unit 
backwards, you should always check that the unit is 
installed correctly. Reverse installation. would give 
reverse indications on the indicator. 


CONTROL ASSEMBLY. 


Тһе vertical Gyro control assembly is located in the 
upper electronics compartment and is the "brain" of 
the vertical gyro indicator system. Inside this control 
unit are several related assemblies that work together 
to present accurate information about the airplane's 
attitude. The vertical gyro assembly, rate gyro assem- 
bly, relay box assembly, time delay assembly, two 


channel amplifier assemblies, and the power supply 
assembly are located inside the case. These units and 
how they function are discussed in the following 
paragraphs. 


Vertical Gyro Assembly. 


By now you are quite familiar with che principles of 
vertical gyro operation. Тће опе used in this system is 
not too different from the one used in the self-con- 
tained attitude indicator. It spins slightly faster (about 
22,000 rpm) but the power requirements are the same. 
The gimbal assembly is mounted іп the frame so that 
it has a freedom of rotation for a full 360? along the 
roll axis. Of course, the gimbal assembly actually 
doesn't do the rotating. It stands still while the air- 
plane and the frame rotate. The gyro housing is the 
inner gimbal, and is free со move on its pitch axis up 
to 82? of dive or climb. Internal springs restrict the 
pitch displacement to these limits of dive and climb. 
Slip rings carry the electrical current to the gyro. 


The Erection System. 


То avoid the centrifugal force turn errors of the ball- 
type erection mechanism, erection of this vertical gyro 
is accomplished by torque motors. These motors apply 
a force, or torque, to torque rings attached to che ygro 
gimbals; they do not actually turn the rings. They can 
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Figure 2-17. Vertical Gyro Indicator System Components 


only apply force which causes the gyro to precess about 
an axis at right angles to the axis of the particular 
torque ring. That was quite a lengthy and involved 
statement, but you will get the idea if you examine 
figure 2-18. 


Notice that the roll erection torque ring is attached 
to the gyro housing (inner gimbal) and the pirch erec- 
tion torque ring is attached to the outer ring. Ар- 
plying the rules of precession, which you learned 
in Chapter I, you can see why a force on the roll ring 
will cause the gyro spin axis to tilt right or left. 
Similarly, any torque applied ro the pitch ring causes 
the gyro spin axis to tilt along the fore and aft axis of 
the airplane. The direction of the precession is, of 
course, dependent upon whether the torque motors 
apply torque in clockwise or counter-clockwise direc- 
tion. For example, suppose that the roll torque motor 
in the upper diagram is applying torque in the clock- 
wise direction. With the gyro rotor spinning clock- 
wise, precession will cause the top of the gyro to 
tile coward you. Conversely, if the torque is applied 
in a counterclockwise direction, gyro will tile in 
the opposite direction. 


'The erection motors are energized by alternating 
current from an electrolytic erection switch. This 
switch consists of a metallic cup with four contact 


points molded in an insulating material. The cup 
is partially filled with a low-resistance electrolyte 
and is attached to the underside of the gyro rotor 
housing. Its purpose is to keep the spin axis of the 
gyro perpendicular to the earth's surface. 


Note in figure 2-19, that the erection switch contains 
two pitch contacts along the fore and aft axis of 
the airplane, and two rol! contacts along the lateral 
axis. А bubble of nonconductive gas covers part of 
the contacts. The electrolyte grounds the pitch and 
roll torque motors through the sides of the erection 
switch cup. When the gyro rotor is properly erected, 
that is, when the spin axis is perfectly vertical with 
relation to the earth, the bubble is centered and 
the electrolyte serves as a ground (with equal re- 
sistance) connection to the case for all four contacts. 
However, any tilting of the gyro causes variations 
in the resistance to ground one of these contacts, and 
the torque motors will apply precessive force until 
the spin axis is again vertical. 


The electrolytic erection switch is a gravity device. 
The fluid tends со cover the contacts on che low 
side of the tilted cup more than those on the high 
side. Consequently, it is also subject to the same 
centrifugal force that affects the steel ball erection 
mechanism. In other words, the electrolyte in the 
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Figure 2-18. Vertical Gyro Indicator System Erection Mechanism 


GYRO ROTOR 


TE LATERAL 
` уа: 


FORE AND 
AFT AXIS 


8ТМ50224А 


INSTRUMENTS 


AIRPLANE IN 
STRAIGHT AND 
LEVEL FLIGHT 


ERECTION SWITCH 
BUBBLE 


TYPICAL 
CONTACT 
POINT 


Figure 2-19. Vertical Gyro indicator System Erection Switch 


erection switch tends to be thrown toward the out- 
side of a turn, causing "false erection" of the vertical 
gyro. Here's where the rate gyro and relay assem- 
blies come in. 


А$ you can see in figure 2-20, the rate gyro is a 
small, horizontally mounted gyro. Spring tension 
normally holds this gyro with its spin axis parallel 
to the lateral axis of the airplane, like the gyro in the 
turn and slip indicator. When the airplane turris, the 
rate gyro deflects and trips the switching relays. The 
relays disconnect the roll contacts in the erection 
Switch and cause both the pitch and the roll torque 
motors to receive signals from the pitch contacts of the 
erection switch. À "pitch-bank" erection system is 
then in effect. 


Since the roll contacts are no longer connected to the 
system; they cannot cause a false correction. How- 
ever, there has to be some method of roll erection, if 
not, the vertical gyro could tilt—from some cause 
besides centrifugal force, such as bearing drag—and 
a correction would not be made until the aircraft 
resumed straight and level flight. This is why the 
switching relays connect the roll torque motor to 
the pitch contacts. You see, during a turn, any tilt- 
ing on the roll axis eventually becomes а tilting 
along the pitch axis. 


If that last remark threw you, look at it this way. 
Suppose a large vertical gyro is spinning on top 
of an F-102A while it is sitting on the ground, and 
the gyro has tilted 10? toward the right wing tip— 
what caused it to tilt is not important here. Now 
if you hitch a tractor to the nose wheel and swing 
| it 90° to the left, that 10° tile of the gyro is toward 
| the tail of the airplane. What was а 10° tilt along the 


roll axis is now a 10° tilt along the pitch axis. Also, 
when you were in the process of turning the air- 
plane, that 10° error was between the wing tip and 
the tail. A combination of гої! and pitch correction 
is required to bring this gyro back to vertical. 
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Figure 2-20. Vertical Gyro Indicator System 
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Їс is undesirable to have the rate-gyro react and 
switch the erection circuits to the pitch-bank system 
for every little yaw deviation. The time delay as- 
sembly prevents this from happening. Unless the 
rate-gyro deflects at least 20° for about six seconds, 
the switching relays will remain in the pitch-roll 
position, 


The time delay relays serve other purposes too. 
When the master switch in the airplane is first turned 
on, several things take place to put the system in 
operation as quickly as possible. А friction-brake 
solenoid energizes and holds the roll torque ring 
for about 15 seconds. Its purpose is to prevent the 
gyro from "tumbling" when power is first applied. 
For the first two minutes after the power is turned 
on, the a-c power supply to the torque motors is 
boosted to expedite the erection process. This same 
time delay keeps the OFF signal on the indicator 
in view for the first two minutes. Тће vertical gyro 
attains operating speed and is properly erected at the 
end of that time. 


Deviation Measurement. 


Information about pitch and roll of the airplane is 
sensed by the vertical gyro assembly, but it is of no 
value to the pilot until it is measured and indicated 
in a convenient manner, Measuring of the gyro dis- 
placement is accomplished by two a-c synchro trans- 
mitters. To indicate pitch, the primary coil of опе 
synchro is attached directly to the gyro housing 
while che secondary coil is attached to the gimbal 
on the pitch axis. The primary coil is fixed in rela- 
tion to the stabilized vertical reference line (spin 
axis). The secondary coil, attached to the gimbal, 
rotates about the primary coil as the airplane noses 
up or down. To measure roll deviation, the primary 
coil of the other synchro is attached to the gimbal, 
and the secondary coil is attached to the gyro frame 
on the roll axis. The secondary coil rotates around 
the stabilized primary coil whenever the airplane 
rolls. Signals from these transmitters serve to position 
the receiver synchros in the indicator. 


THE REMOTE ATTITUDE INDICATOR ASSEMBLY. 


The indicating component of the vertical gyro in- 
dicator system on later model F-102A's is located in 
the same position on the instrument panel that the 
self-contained attitude indicator occupied on early 
model airplanes. The indicator is similar in appear- 
ance, except that the miniature airplane is not ad- 
justable; the spherical dial is graduated, and the 
indicator does not have a horizon bar. The dial is 
divided into two sections by the horizon line. The 
area above the line, or sky sector, is painted gray 
with black markings for every 5? of climb. The 
ground sector (dive), below the horizon line, is 
painted black with gray markings. 
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You will recall that the other type of attitude in- 
dicator has the dive sector on top and the climb 
sector below. ТҺас is necessary because the dial 
is held rigidly by the gyro and the case moves 
around. it. Та this indicator the dial is positioned 
by motors, and is turned within tbe case іп the same 
ашесифис спе airplane is rotating on its pitch axis. 
In figure 2-21, you see two views of the indicating 
mechanism. The roll axis mounting pin to which 
the yoke assembly is attached fits into а housing 
in the case. 


À roll servo motor, not shown in figure 2-21, can 
rotate the entire yoke and sphere assembly a full 
3609. Тһе degree of roll is then shown by the 
pointer which appears directly beneath the marks on 
the outer fixed dial, and by the pitch lines behind 
the miniature airplane. In the inverted position 
you can see the pitch servo motor. It turns the drive 
shaft of the sphere to show pitch attitude in relation 
to the miniature airplane. The roll and pitch servo 
motors get their signals from receiver synchros in 
the rear of the indicator. These signals are picked 
up from the synchro transmitters in the vertical 
gyro assembly, then boosted by the channel ampli- 
fiers іп the control assembly, and finally sent to the 
Servo motors. 


It was mentioned earlier that the miniature air- 
plane in the remote attitude indicator—unlike the 
one in the self-contained unit—is not movable. Instead, 
the pilot can change the position of the dial to 
show a desired pitch angle. Tbe knob on the front 
of the indicator electrically changes the relationship 
between the spherical dial and the erected position 
of the gyro. 


Power Failure Flag. 


'The power failure indicating mechanism consists of 
an а-с motor geared to the flag shaft. A spring оп 
the shaft of the a-c motor returns the flag into view 
whenever a-c or d-c power is lost. Relay assembly 
failure will also cause the OFF flag to appear. 


Special mounting provisions are not required for 
the remote attitude indicator. It is mounted in the 
slanted F-102A panel without the wedge that was 
required for the other attitude indicator. In fact, 
the remote indicator will read correctly in any posi- 


- tion, as long as the control assembly is mounted 


properly for level flight. 


Тһе entire remote attitude indicator and the two 
gyro assemblies in the control unit are hermetically 
sealed and gas filled то minimize environmental dis- 
turbances. These units must be opened only in the 
instrument overhaul shop. Always consult the ap- 
propriate technical orders on rhe vertical gyro in- 
dicating system before you work on this system. 
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Figure 2-21. Remote Attitude Indicator Sphere and Yoke Assembly 
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Figure 2-22. Clock 


THE CLOCK. 


If pilots were concerned with the time of day only 
for the reasons the rest of us are, the Air Force would 
be content to let them rely on their wrist watches. 
Valuable space would be saved on the instrument 
panel, Actually, che clock is an important instrument 
for a number of reasons. А brief discussion of some 
of them will help you to appreciate why it is im- 
portant. 


Everytime an airplane leaves the ground the pilot 
knows how much fuel he has on board. He also 
knows approximately how long he can stay aloft 
on that fuel supply. Accurate time checks enable 
him to know at any given moment just how long 
he has been flying, what his fuel consumption has 
been, and how much longer he can stay up. In a 
modern jet airplane, like the F-102A, the fuel supply 
is very limited and the consumption rate is high. 
Consequently, time in flight and the remaining fuel 
become critically important. 


The clock is also vital to navigation. You may recall 
from tlie discussion on the airspeed and Mach num- 
ber indicator how time in flight and distance соу- 
ered are used to compute groundspeed—an impor- 
tant factor in aerial navigation. In addition, a pilot 
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can determine his location if he knows how long 
he has been flying and his location in relation to 
his point of take-off. All of you understand the 
basic operation of a clock, so we will just take up the 
special features of the one that is used in the F-102A. 


SPECIAL FEATURES. 


The clock on the instrument panel of the F-102A has 
a mechanical eight-day movement. It is wound and 
set manually by the knob on the lower left corner 
of the instrument, as shown in figure 2-22. In addi- 
tion to the hour and minute hands, there is a sweep 
second hand and a minute totalizer hand. These аге 
part of the elapsed time mechanism which is con- 
trolled by the button on the upper right corner. 
'The button consecutively starts, stops, and returns 
the sweep second and minute totalizer hands to zero 
(the 12-hour position). The minute totalizer hand 
counts the revolutions of the second hand up to 60 
minutes, and then repeats. Thus, a pilot can easily 
time all or part of his flight just as you would time 
an athletic event with a stop watch. No special 
maintenance is required on the clock, except to see 
that it is wound, set, and running before each flight, 
and that it is keeping accurate time. The "fast" and 
"slow" adjustment on this clock is inside the case. 
You will not be able to make any adjustments in 
regulating the clock speed. 


THE MAGNETIC STANDBY COMPASS. 


You read in Chapter I about the earth's magnetic 
field and the basic principles of compasses. The pilot's 
compass, as thé magnetic compass is frequently called, 
is one of the instruments that operates on these 
principles. Figure 2-23 shows its internal arrange- 
ment and face view. You will recall that there are 
certain known errors inherent in the operation of the 
magnetic compass for which the pilot muse make 
allowances. For that reason it is only used as a 
standby instrument in the F.102A. ЈЕ the radio 
magnetic course indicator malfunctions, the pilot 
can look at his standby compass in the peak of the 
canopy and get his directional information. 


CONSTRUCTION AND OPERATION. 


Two magnetized steel needles, which are mounted 
in a flcat that carries the compass card, make up the 
sensing element of the standby compass, А jeweled 
bearing supports the entire mechanism on a pivot 
assembly and uses a spring suspension to absorb 
shock, The inside of the case (compass bowl) is 
filled with a clear, acid-free kerosene which serves 
several purposes: it dampens the movement of the 
compass card to reduce oscillation; it provides buoy- 
ancy to lessen the weight of the float mechanism on 
the pivot bearing; and it keeps the moving parts 
constantly lubricated. А special chamber allows for 
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Figure 2-23. Magnetic Standby Compass Cutaway 


expansion or contraction of the fluid due to tempera- 
ture changes. If you ever detect bubbles in the fluid 
or find that it is leaking from the case, replace the 
instrument. 


The compass card is graduated in five degree in- 
crements and is numbered every 30 degrees. Note 
that the last zero is omitted—number six indicates 
609, number 30 is 300°, and so forth. The 3609 
position is merely lettered "М," for north, and is 
180°—directly opposite—from the north-seeking ends 
of the magnetized needles. This is necessary because 
you read the instrument from the end opposite the 
direction of flight. The lubber line is the reference 
line behind which the direction of flight is shown. 


Above the compass bowl you will find a small lamp 
—you can remove it from the front of the instru- 
ment. À compensating mechanism is located below 
the bowl, behind a cover plate. It consists of two 
screws which move tiny magnets to compensate for 
magnetic disturbances within the airplane. These 
Screws must never be tampered with unless the com- 
pass is being “swung” according to the procedures 
outlined in the appropriate Technical Orders, (see 
Т.О. 1F-102A-2-9). Ас that time a deviation card is 
prepared to tell the pilot of any remaining errors 
that could not be removed by this compensation. 


RADIO MAGNETIC COURSE INDICATOR. 


The F-102A pilot has two instruments on which ће 
can rely for basic directional information. We dis- 
cussed one of them—the magnetic standby compass— 
earlier in this chapter. The other one is the radio 
magnetic course indicator. Ás the name implies, this 
instrument is both a radio compass indicator and a 
magnetic compass indicator. Тће dial rotates to show 
the magnetic heading directly under the fixed index 
pointer in the top center of the instrument face. 
The two needles, as shown in figure 2-24, indicate 
the magnetic direction of the VHF (Very High 
Frequency) station to which the radio is tuned. In 
the F-102A both needles point together. 


'The course indicator is an a-c synchro instrument 
and operates on the principles described in Chapter 1 
in the discussion of synchronous instruments, Тһе 
internal mechanisms of the indicator are shown 
in figure 2-25. The three synchro indicators within 
the instrument (one for each pointer and one for 
the dial) rotate so that they are always in the same 
relative positions as their transmitters. 


The magnetic heading of the aircraft, shown by the 
rotating dial and index pointer, is received from 
the slaved gyro magnetic compass system. You learned 
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8TM502334 
Figure 2-24. Radio Magnetic Course Indicator 


about this system in the preceding chapter. Both 
synchros which drive the pointers on the course 
indicator are positioned by signals from a transmitter 
in the bearing converter indicator known as the 
radio indicator control. 


RADIO INDICATOR CONTROL. 


The tadio indicator control is located in the upper 
electronics compartment, just aft of the cockpit. Fig- 
ure 2.26 shows you the face view of this control. 
Тһе control contains a differential synchro generator 
thac adds che station bearing to which the radio 
receiver is tuned to the magnetic heading from che 
slaved gyro magnetic compass. The resulting sigaal 


that positions the radio magentic indicator pointers 
is said to be "heading sensitive," because the pointers 
will indicate the correct station bearing on the 
dial even when the dial rotates. 


You probably wonder why the radio indicator con- 
trol is placed where the pilot can't see the dial. Actu- 
аПу, this device is only used as a control in the 
Е-102А and che pilot does пос need со see ir. It is 
essentially a part of the radio equipment so we will 
not go into further detail on its mechanical char- 
acteristics. 


USE OF THE RADIO MAGNETIC 
COURSE INDICATOR. 


Past experience—and your study of earlier sections 
of this supplement—has taught you the use of the 
magnetic features of this indicator. À few words abour 
the radio compass information will make you more 
familiar wich its use. 


An omnidirectional range (called ODR, VOR, ог 
omnirange) is а VHF navigational facility that trans- 
mits signals in all directions. These directional signals 
are called radials of the "omnirange" and are ex- 
pressed in terms of their magnetic directions from the 
transmitter, When ап Ё-102А pilot tunes his navi- 
gation receiver го a particular omnirange station, 
the needles of his course indicator show che mag- 
netic heading co гһаг station. If he wants to fly to 
that point he merely turns the airplane until the 
pointers turn straight up to the top index marker. 
Then. the magnetic heading of the aircraft and the 
heading to the station will coincide. The pilot can 
fly directly со rhe station by holding this indication, 
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48 


BEARING 


CONVERTER 
INDICATOR 


8ТМ50235А 


Figure 2-26. Radio Indicator Control 


(if a wind drift does not occur). If che pointers move 
off center while the magnetic heading remains con- 
stant, he knows he must correct for drift. 


Another instrument found in the Е-102А, the devia- 
Чоп indicator, is usually used to follow an omnirange 
radial once the desired radial has been intercepted. 
This indicator is discussed in the next paragraph. 


DEVIATION INDICATOR. 


It is often desirable co display several different types 
bf related information with one instrument. To do 
$0 saves space on the instrument panel, and it is 
often convenient for the pilot using the informa- 
tion. The deviation indicator—sometimes called the 
course indicator—is an example of such a multi- 
purpose instrument. 


Тһе deviation indicator (figure 2-27) provides the 
facilities of a cross-pointer indicator, a magnetic head- 
ing indicator, a course selector, and a marker beacon 
indicator. Ic will help you to understand these func- 
tions which are described later if you study che dif- 
ferent indications on the indicator in the illustration. 


The vertical pointer in the center of the indicator is 
the localizer or range pointer. lt indicates lateral 
positional deviation. when the plane is off to one side 
of a selected omnirange course, VHF-VAR (Very 
High Frequency—Visual Aural Range), or ILS (In- 
strument Landing System) runway localizer. The 
ħorizontal (glide path) pointer, also in the center, 
shows the position of the aircraft with respect to an 
ILS approach glide angle signal. Nore that an OFF 
flag appears on each of the cross-pointers. These 
flags are visible when the appropriate signal is not 
strong enough to be reliable. 
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А short vertical pointer, shown deflected to the left 
in figure 2-27, indicates the magnetic heading of the 
aircraft relative to the selected course. The selected 
Course is set in the upper window marked COURSE 
by the SET knob. Below and to the left of the 
course dial you see the TO-FROM indicator. 1t shows 
whether rhe airplane is flying on a "ТО" or "FROM" 
radial. The heading of the aircraft has nothing to 
do with the TO-FROM indication. It merely tells 
whether the airplane will go toward or away from 
the station if the selected course is flown. The pilot 
can fly to a station on a FROM indication by flying 
the reciprocal (2:180?) of the selected heading, and 
reversing his normal procedures. 


The Боһ» гћаг von see on the noner right hand cor- 
ner of the indicator is the marker beacon indicator, 
As tne pune crosses a marker transmitter, the light 
flashes the coded identification signal of the marker. 
By now you may be somewhat puzzled as со just 
how this instrument works. You are probably wish- 
ing that it didn't combine so much information in 
its indications. To eliminate some of this confusion, 
lets consider a few examples where the various 
indications are used. 


OMNIRANGE FEATURES. 


Suppose an F-102A pilot wants to fly a course where 
an omnirange navigation facility is in operation. He 
first tunes his VHF navigation receiver to the fre- 
quency shown on his charts for that station. Ап 
aural signal will come through his earphones, identi- 
fying the station. Assume that he left the air base 
control zone on a heading of 409, as shown at Posi- 
tion Мо. І in figure 2-28, and planned his course 
as 315°. You will note that che illustration shows 
the deviation indicator and the radio magnetic course 
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Figure 2-27. Deviation Indicator 
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Figure 2-29. Typical Indicator Presentations Using VHF-VAR Facilities 
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Figure 2-30. ILS Presentation with a Phase Comparison Localizer 
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опе is nondirectional and the other two аге direc- 
tional signals with differing phase angles. Both types 
of localizers provide an imaginary vertical plane ex- 
tending along the centerline of the runway in the 
direction of the final approach. With either type, 
the pilot must always turn toward the vertical pointer 
when it drifts from the centerline. 


Тһе relative heading pointer is used on an ILS 
approach in the same way it is used to fly omnirange. 
When the pilot sets the runway heading into his 
COURSE selector window, the pointer aids him 
in establishing and maintaining the correct wind 
drift angle. We've followed our F-102A pilot to 
within several miles of the runway, and he is lined 
"ар properly with the centerline. Now let's see how he 
keeps from overshooting or undershooting the field. 


Glide Slope. 


Another receiver in the F-102A picks up a signal 
from the glide slope equipment on the ground. 
This signal is similar to the tone localizer signal 
in that it also consists of one pattern modulated at 
150-cycles and another at 90-cycles. The signal, shown 
in figure 2-31, is sent from the runway at a shallow 
angle that corresponds to the airplane landing glide 
slope. When the airplane is flying in the area of equal 
signal strength between the two patterns, the hori- 


INSTRUMENTS 


zontal pointer of the deviation indicator is in the 
center. If the airplane drops too low, the pointer 
goes above the centerline; when it is too high, the 
pointer goes below the centerline. Therefore, the 
pilot must always correct toward this pointer too. 
The illustration shows how these positions appear 
on the indicator. 


Marker Beacons. 


Note in figure 2-31 that there are also three marker 
beacons; the outer, middle, and boundary markers. 
(Some ILS installations have only two.) Each marker 
beacon transmits a different signal. The marker re- 
ceiver in the airplane picks up these signals as the 
airplane passes over the beacons and flashes a coded 
signal on the marker beacon indicator. This tells the 
pilot how close he is to the runway. When he sees 
the signal from the boundary marker flash on the 
indicator, іс is time to "flare" out for the touchdown. 


You have seen how the various components of the 
deviation indicator work, but no mention has been 
made regarding the maintenance of the indicator 
or its parts. This was not just an oversight. Aside 
from the routine cleaning of the instrument dials, 
all maintenance work on this instrument is accom- 
plished by the radio specialist. 
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"The engine instruments are those instruments, in- 
stalled in an airplane, chat show how the power 
‘plant is operating and assist che pilot in proper op- 
eration of the engine; and conversely, chey indicate 
if the engine is not operating correctly and may 
reveal at cimes which part of the engine is not 
‘operating correctly. А modern jet airplane requires 
some engine instruments that are пог needed in air- 
Planes equipped with reciprocating engines. On the 
‘other hand, some of the instruments that are used 
to show the operating conditions of piston engines are 
not needed in jets. You will find that the F-102A 
has fewer engine instruments than some airplanes 
equipped with різсоп engines, but all of the instru- 
ments are vitally important іп the proper operation 
of the engine. 


The Е-102А engine instruments and their positions 
on the instrument panel are shown in figure 3-1. 
These instruments include the pressure ratio indicator, 
tachometer, exhaust temperature indicator, exhaust 
nozzle position indicator, fuel flow meter, and fuel 
quantity indicator. The alternate pressure ratio in- 
dicator which is used on some models of the F-102A 
‘is also shown at the bottom of the illustration. We 
will discuss each of these instruments and their 
systems in this chapter. 


AFTERBURNER EXHAUST NOZZLE 
POSITION INDICATOR. 


А jet airplane that is equipped with an afterburner 
always requires some means of adjusting the exhaust 
nozzle opening at the aft end of the power plant. 
An adjustable nozzle on the afterburner is necessary 
since the amount of pressure and heat produced by 
the power plant varies greatly between operations 
with afterburning and without afterburning. For 
normal operation without afterburner, the nozzle 
is closed (пос completely shut, just restricted). In this 
position the opening is the best size to provide maxi- 
mum exhaust velocity for the existing temperature 
and pressure conditions at the гайрїре, If the open- 
ing is coo large, maximum thrust is not developed. 


When the afterburner is ignited, the temperature at 
the nozzle increases greatly. This temperature in- 
crease causes additional expansion of the exhaust 
gases. If che nozzle opening is not enlarged, the pres- 
sure and temperature in the afterburner becomes 
excessive—you can understand why such a condition 
must be avoided. Therefore, the T-102A has an ad- 
justable exhaust nozzle and an indicator to tell the 
pilot whether the nozzle is in either che OPEN or the 
CLOSED position. This indicator is locared on the 
right side of the main instrument panel, adjacent to 
the pressure ratio indicator. 
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Figure 3-1. F-102A 


Тһе exhaust nozzle position indicator is a very simple 
instrument: its construction is shown in figure 3-2. It 
consists of two solenoids which rotate a spring- 
centered, three-position card within a small sealed 
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Figure 3-2. Afterburner Exhaust Nozzle 
Position Indicator 
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case. А window in the front of the case shows one 
of the three positions of the card. 


HOW !T WORKS. 


There are three indications which the exhaust nozzle 
position indicator can give; the one which appears 
in the window at any particular time depends on 
whether one of the гуо solenoids is energized or 
neither solenoid is energized. In figure 3-3, you can 
see the three types of indications and the correspond- 
ing electrical schematic thac causes each of them to 
appear. Note that there are two switches in the 
system, only one of which can be actuated at a 
particular time. In this diagram you see how the 
open solenoid is energized when опе of the switches 
closes. The circuit is completed to ground from the 
airplane's 28-volt, 4-с system, represented by EMF 
(electromotive force). 


'The middle diagram shows both switches open, so 
neither solenoid is energized. Diagonal lines appear 
on the dial because a spring holds the rotating card 
in the center position. This indication appears when- 
ever both switches are momentarily open (as the 
cam shown in figure 3-4 moves between the OPEN 
and CLOSED switches) or there is a power failure 
(in which case the spring automatically returns the 
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Figure 3-3, Afterburner Exhaust Nozzle Position Indication Circuit 


card to the center position, although the nozzles could 

Бе in either the OPEN or CLOSED position). In the 
third diagram the circuit is completed through the 
other switch, energizing the closed solenoid. Тһе 
CLOSED indication will appear as long as that switch 
is closed and the power suppy is not interrupted. 


Now, let's discuss the two switches that are located 
on the power plant. As you can see in figure 3-4, the 
switch assembly is attached to the right side of the 
engine just below the compressor bleed valve. Two 
cables connect the switch assembly to the nozzle 
positioning mechanism. The upper cable is the nozzle 
| position cable; the Jower cable is a temperature com- 
, pensating cable. Both are attached to spring plates 
' in the switch assembly and serve to rotate a cam. 


. The enlarged view of the switch assembly shows how 
І 


this cam actuates the switches. Notice that the actu- 
ating arm of the CLOSED switch is depressed by the 
cam. In this position the CLOSED circuit of the 
indicator is energized as shown on the right of the 
circuit diagram of figure 3-3. The dotted lines show 
where the cam stops when the afterburner exhaust 
nozzle is open. This position results іп an OPEN 
indication because the open solenoid is energized. Ir 
is obvious from this illustration that both switches 
are open momentarily as the cam rotates from one 
switch to the other. Thus, the diagonal lines are 
shown on the indicator very briefly each time the 
nozzle is opened or closed. 


Remember chat the switching mechanism does not 
open or close the afterburner—that’s accomplished 
automatically when fuel pressure in the afterburner 
fuel control reaches certain limits. The sole purpose 
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Figure 3-4. Afterburner Exhaust Nozzle Position Switches 


of the switch assembly is to energize the correct in- 
dicator solenoid at the right time. If it does not 
accomplish that purpose, use the special rigging gage 
described in T.O. 1F-102A-2-9, to make the necessary 
adjustments. Before replacing the switches or in- 
dicator in the nozzle position indicating system, al- 
ways check the system's circuit breaker. This circuit 
breaker is located on the left-hand aft circuit breaker 
panel in the cockpit of the airplane. 


EXHAUST TEMPERATURE INDICATOR. 


Тһе exhaust temperature of a jet engine, like the 
cylinder head temperature of a reciprocating engine, 
is a good indication of the overall operating tempera- 
ture of the engine. By way of further comparison, the 
jet engine exhaust temperature indicator is very simi- 
lar to the instrument used to measure the cylinder head 
temperatures of piston engines. Both types are thermo- 
couple-thermometers which measure the difference 
between electrical potentials of two metals in contact 
with each other. Figure 3-5 shows the exhaust тет- 
perature indicator and опе of the four chermocouples 
used in the F-102A exhaust temperature indication 
system, 
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THERMOCOUPLES. 


А thermocouple is a combination of two wires, each 
wire made of a different metal with each having a 
different electrical potential. If two such wires аге 
connected together at one end and chat junction 
point is heated above the ambient temperature of 
the opposite end of each wire, the joined wires be- 
come a soutce of electricity, the potential of which 
varies with the temperature. This physical phenom- 
enon known as thermo-electric effect is the principle 
of every thermocouple. 


Тһе thermocouples used in the exhaust temperature 
indicating system are made of chromel-alumel ma- 
terial. They are mounted in probes which project іп- 
to the tailpipe section of the engine just aft of the 
turbines, and are approximately 90? apart (see figure 
3-6). Each thermocouple is connected in parallel, with 
the terminals connected to each of the two leads 
which carry the current to the indicator. These leads 
are also of chrome! and alumel material. As you can 
see in figure 3-6, а calibrating resistor is included in 
the system. Note that it is located on the right side 
of the cockpit, above the master warning control box. 
You can use an ordinary Wheatstone bridge-type tester 
to determine the correct adjustment of the resistor. 


Ago 


О 


THE INDICATOR. 


Тһе temperature of the thermocouples is shown on 
the dial of the indicator in degrees Centigrade—the 
scale is calibrated from 0? to 10009С. As you сап 
вее in figure 3-5, there are no external controls or 
adjustments on the indicator. Internally, the indicator 
consists primarily of a moving сой, mounted оп 
pivots, within a curved permanent magnet. Rotation 
of the coil is limited by two springs, one on each 
end of the сой. А pointer moves with the coil to 
show the temperature indication. The entire indicator 
is sealed and filled with helium. 


Now take a look at the schematic illustration, figure 
13-7. Note that the leads from the thermocouple con- 
песе to the coil chrough the springs, making а 
'complete circuit. Аз you know, when current flows 
through a conductor, such as this coil, a magnetic field 
is set up. This magnetic field around the coil has 
both strength and direction, just аз the field around 
a permanent magnet. Note also that che coil is situ- 
ated directly between the ends of the curved perma- 
nent magnet. You learned in Chapter 1 how the 


magnetic flux around such a magnet is concentrated 


between the two ends. Thus, the coil tends to take 
a definite position between the ends of the perma- 
nent magnet. 


You also remember that like poles repel and unlike 
poles attract, so the coil tends to turn until each of 
its poles is close to the opposite pole of the perma- 
nent magnet. ТЕ there were no restraining springs, 
the coil would always line up perfectly (with the 


; poles in the normal relative positions) whenever there 
' was а temperature difference between the "hot" end 


(thermocouple) and the "cold" end (indicator) of the 
system, Obviously, such an indicator would be of no 
value since іє would always read the same. By the 
use of springs of the correct tension, the coil is only 
permitted to move an amount proportional to the 
strength of the magnetic field around it, which, as 
we mentioned earlier, varies with the temperature 
differential. 


Temperature Compensation. 


The coil springs we just discussed serve another 
purpose: they are temperature compensators. You 
will recall that the amount of rotation of the coil 
depends on the strength of its magnetic flux, which 
in turn is proportional to the difference in tempera- 
tre between the thermocouple and the indicator. Buc 
that isn't exactly what we want to know. If the 
exhaust temperature is 600? Centigrade, we want 
the indicator to say 600? Centigrade, regardless of 
the temperature in the cockpit. You can see then that 
the indicator must be set to read the cockpit tem- 
perature first so that the additional rotation of the 
coil will cause it to read actual exhaust temperarure: 
The springs accomplish this for us because they are 
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Figure 3-5. Exhaust Temperature Indicator 
and Thermocouple 


made from laminations of different metals which 
react differently to temperature changes. Figure 3-8 
shows how these bimetallic springs work. 


Note that the strip of brass in the laminated metal 
expands more than the strip of iron when heat is 
applied, causing the laminated strips to bend. In 
the same manner che springs in the exhaust tempera- 
ture indicator tighten up or straighten out with 
changes in cockpit temperature. Thus, the indicator 
pointer reflects the total of the temperature at the 
indicator plus che difference between the tempera- 
tures at the indicator and the thermocouple. In this 
way the coil, and therefore the pointer, is rotated 
to indicate the cockpit temperature. The additional 
rotation, caused by the difference in temperature 
between the indicator and thermocouple, brings the 
pointer то a position proportional со the total exhaust 
temperature, If you disconnect the thermocouple leads, 
the indicator will still show the approximate cockpit 
temperature, 


Another temperáture compensation problem results 
from the variations in electrical resistance of most 
metals with temperature changes. At a given tem- 
perature difference, the voltage generated in the 
circuit will produce a current inversely proportional 
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Figure 3-6. Wiring Diagram of Thermocouple 
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Figure 3-7. Exhaust Temperature Indicator 
Operational Schematic 


to the resistance (Ohm's law). For any particular tem- 
perature difference between the "hot" and "cold" 
ends of the system, the current must always be the 
same. Therefore, a “neutralizer” is included in the 
indicator. This neutralizer is a resistor in which the 
resistance becomes less as the temperature increases. 
In that way it keeps the total resistance of the system 
constant for any temperature difference. 


SYSTEM CALIBRATION PROVISIONS. 


We have discussed the importance of keeping the 
resistance of the system completely constant so the 
indicator will receive the right amount of current. 
There are several things that might alter this re- 
sistance, thereby affecting the accuracy of the in- 
dication. For example, if you replace any of the com- 
ponents of the system, as would happen when you 
change engines, there could be a slight change in 
the resistance. Even changing a terminal on the 
leads could alter the resistance. А special testing unit 
(SE 0783) is required to test the accuracy of the 
complete system. 


, FUEL FLOW INDICATING SYSTEM. 


Any large jet engine uses tremendous quantities of 
fuel. The rate at which the fuel is used varies greatly, 
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depending on the power setting. Since space and 
weight restrictions limit the amount of fuel that 
can be carried, the jet piloc is always vitally con- 
cerned with how fast che supply is being consumed. 
Without this information he cannot estimate ac- 
curately how long he can stay away from the base 
by just knowing the amount of fuel remaining in 
his tanks. In addition, the rate of fuel flow is an 
indication of the efficiency of the engine. For these 
reasons the F-102A instrument panel includes a fuel 
flow indicator. Besides the indicator, rhe system 
includes a transmitter which is located on the engine. 
Both of rhese units are shown in figure 3-9. 


THE FUEL FLOW TRANSMITTER. 


The transmitter for the fuel flow indicating system 
is attached to the right side of the power plant (as 
shown in figure 3-10) and connects to the ourler fuel 
Jine from the fuel regulator. An a-c synchro trans- 
mitter is contained within the unit to send signals го 
the indicator in the cockpit. You learned in Chapter 1 
how synchro transmitters operate, so we will just 
discuss the gage unit which drives the synchro. The 
operational schematic, figure 3-11, will help you to 
see how the flow transmitter works. 


Fuel flowing through the transmitter enters the port 
on the lower right and leaves through the one on 
the lower left as shown by the arrows. Note that a 
hub with a vane projecting above it is mounted in the 
flow area. А light spring within the hub resists the 
force of the fuel flow, thus tending to keep the 
vane in che upstream position at all times, The actual 
position taken by the hub and vane assembly is, of 
course, dependent on the rate of flow (or the pressure 
it exerts) of the fuel which surrounds it. Therefore, 
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Figure 3-8. Effect of Temperature Changes 
on Bimetallic Strip 
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Figure 3-9. Fuel Flow Transmitter and Indicator 


we can call the vane and hub assembly the "gage 
anit” of che fuel flow transmitter. 


Now, let's follow the train of action to see how the 
position of che vane and hub is carried to the synchro. 
Моге that there is no direct mechanical connection 
between the gage unit, which does the measuring, 
and the transmitting unit, which signals the indicator 
in the cockpit. The shaft of the hub is not geared to 
the sector shaft. Instead, a permanent ring magnet 
on the hub shaft surrounds a permanent bar magnet 
which drives a pinion gear. This forms a kind of 
floating drag arrangement between the hub, the 
spring, and che magnet assembly. As you know, the 
relative positions of these magnets will terid to stay 
the зате, When the gage unit rotates the ring magnet, 
the bar magner turns with. it so that the opposite 
poles of the two magnets are always lined up. You can 
see then how the rocation of the bar magnet and 
pinion moves the sector shaft and positions the 
synchro. This method of positioning the synchro 
permits the electrica! section of the fuel flow trans- 
mitter to be isolated from the fuel-carrying section. 


THE INDICATOR. 


Тһе fuel flow indicator is calibrated to show the 
rate of flow from 0 to 12,000 pounds per hour. Ав 
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you сап see in figure 3-9, the dial is graduated every 
100 pounds up to 3000 pounds, and in 1000-pound 
increments from 3000 to 12,000 pounds. 


Since rhe fuel flow transmitter positions a transmit- 
ting synchro, it is obvious that the indicator is a 
synchro instrument containing the receiving motor. 
Power to operate this synchro system comes from 
the airplane 26-volt, 400-cycle a-c source. You have 
already learned the fundamentals of synchros, so we 
won't go into further detail on this one. 


If you should have any reason to doubt the accuracy 
of the indicator, disconnect the transmitter and plug 
the leads into a master synchro transmitter. If the 
indicator pointer smoothly follows the movement 
of the test transmitter, the problem lies in the air- 
plane's fuel flow transmitter. There are no external 
provisions for adjusting either the indicator or the 
transmitter, so you must replace the faulty unit. 


THE FUEL QUANTITY 
INDICATING SYSTEM. 


Тһе Е-102А uses an electronic, capacitance-type fuel 
indicating system. This system measures the weight 
of the fuel instead of the volume. The quantity in- 
dicator in the cockpit can register the total weight 
of the fuel in all six tanks or the weight of the fuel 
in either of the Мо. 3 tanks. Ап electrical selector 
switch in the cockpit allows the pilot to obtain any 
one of the three different readings. The quantity in- 
dicating system is not designed to indicate fuel quan- 
tities for the jettisonable wing tanks which may be 
attached to the airplane wings. 


The purpose of the fuel quancity indicating system, 
of course, is to keep the pilot informed of che exist- 
ing fuel supply at all times. To accomplish this pur- 
pose the system uses several different components— 
12 tank probes, an amplifier bridge, a fuel-type com- 
pensator, a selector switch, two quantity relays, and 
an indicator. As you can see in figure 3-12, these 
components are located in several different places in 
the airplane. The amplifier bridge and the quantity 
relays (not shown) are in the nose wheel well, and 
the sélector switch and indicator are in che cockpit. 
Two quantity probes are installed in each tank, and 
the fuel-type compensator is situated in the left No. 3 
tank. A circuit breaker for the fuel quantity indicac- 
ing system is located on the left-hand айс circuit 
breaker panel in the cockpit. 


'The components mentioned in the preceding para- 
graphs, the tank probes, the selector switch, the 
selector relays, che quantity indicator, and the bridge 
amplifier are shown schematically in figure 3-13. You 
can find a detailed explanation of their operation in 
the Fuel System Training Supplement. 
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Figure 3-10. The Fuel Flow Transmitter and Indication Schematic 
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Figure 3-11. Operational Schematic of 
Fuel Flow Transmitter 


SYSTEM OPERATION. 


The electronic, capacitance-type, fuel quantity indicat- 
ing system operates on the principle that the weight 
(density) of the fuel is directly proportional to the 
fuel's dielectric constant. If the indicating system сап 
measure the dielectric properties of the fuel, it can 
translate this measurement into a weight measure- 
ment, To understand how this is accomplished, you 
Should be familiar with the principles and construc- 
tion of the electrical condenser. 


Condensers store electrical energy, and for this reason 
they are commonly called capacitors. From this term 
the name capacitance-type indicating system is de- 
rived. Тће size of any capacitor determines the amount 
of electrical energy that it can store. This amount 
of stored energy depends upon three things: the area 
of the capacitor plates, the distance between the 
plates, and the dielectric material between the plates. 


In a general sense, the tank probes in the F-102A indi- 
cating system are capacitors, They act as the sensing 
elements for the system. When the tanks are full of 
fuel, che tank probes (or capacitors) can store more 
energy than when the tanks are empty. The bridge 
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amplifier in the indicating system measures the differ- 
ence in the amount of stored energy, and then trans- 
lates this electrical measurement into a dial reading on 
the. indicator. Now we are ready to discuss the indi- 
vidual components. Тһе F-102A Fuel System Training 
Supplement goes into considerable detail on these 
units, so we will only cover them briefly here. 


Tank Probes. 


There are two probes in each of the six fuel tanks of 
the F-102A. These probes are mounted to the wing 
structure, as shown in figure 3-14. It is necessary to 
have two probes in each tank, to provide an accurate 
quantity indication when the airplane is in attitudes 
other than level flight. 


Each probe consists of an inner, an intermediate, and 
an outer tube. The fuel and air in the tank аге ad- 
mitted between the inner and intermediate tubes. 
These tubes are the plates of the capacitor. The dielec- 
tric is the fuel and/or air between the plates. When 
the tank is full, the space between the tubes is filled 
with fuel. Air replaces the fuel as the fuel level of the 
tank lowers. Thus, the amount of capacitance of each 
probe is greatest when the tank is full, and reduces as 
the fuel is used. 


Fuel-Type Compensator. 


As you know, the F-102A can use either JP-4 (ес fuel 
or a blended mixture of oil and aviation gasoline. The 
dielectric constane of these two liquids. is not the 
same, so the fuel quantity indicating system must be 
able to allow for this difference. A fuel-cype compensa- 
tor automatically determines which fuel is being used 
and transmits this information to the amplifier bridge. 
The type compensator is located in the left No. 3 tank, 
so it is able to detect the dielectric constant of the fuel 
even when the supply is low. 


The Amplifier Bridge. 


The “brain” of the fuel quantity indicating system is 
the amplifter bridge. This unit performs two basic 
functions. First, it compares the capacitance from the 
tank probes with a reference capacitance. This refer- 
ence capacitance is controlled by the fuel-type com- 
pensator (see figure 4-8, Fuel System Training Supple- 
ment) so that it will be the correct reference for the 
type of fuel being used. Secondly, the amplifier bridge 
amplifies the signal—proportional to the difference 
between the reference capacitance and the tank probe 
capacitance—to provide the suitable signal to the indi- 
cator motor. Figure 3-15 shows how the amplifier 
bridge appears with the end cover removed. The three 
adjustable potentiometers which you see on the end of 
the unit are used in calibration—we will discuss them 
further in the section dealing with that problem. 
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Figure 3-12. Fuel Quantity Indicating System Components 
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Figure 3-13. F-102A Fuel Quantity Indicating Circuit 
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Figure 3-15. Amplifier Bridge Assembly and Fuel Quantity Indicator 


The Indicator. 


Тһе fuel quantity indicator in the Е-102А is located on 
the extreme right side of the main instrument panel. 
А$ you can see in figure 3-15, the indicator shows the 
available fuel supply in pounds, from 0 to 8000. The 
cutaway view in figure 3-16 gives you an idea of what 
makes the indicator "tick." 


Internally, this indicator consists of a motor (10) driv- 
ing a pointer (8) and a porentiometer wiper (1А) 
through a gear reduction train (11). The ratio of the 
gear train is about 3600 to 1; that is, the motor turns 
about 3600 revolutions to move the pointer and poten- 
tiometer wiper one revolution. Actually, the instru- 
ment is designed so that the pointer travel is limited 
to about 330? (slightly less chan one complete rev- 
olution). 


Тео stator coils (5) and (7) are included in the rwo- 
phase a-c motor which drives the fuel quantity indi- 
cator. The rotor (6) will turn either clockwise or coun- 
terclockwise, depending on the signal received from 
the amplifier bridge assembly. Thus, еһе indicator will 
show either an increasing or decreasing fuel supply. 


Тһе potentiometer in the indicator is called a rebal- 
ancing potentiometer because it continually rebalances 
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the bridge circuit. The bridge circuit becomes unbal- 
anced when the capacitance of the tank probes differs 
from reference capacitance. You will recall that this 
condition is what starts the indicator motor turning 
in the first place, and it will not stop unless the bridge 
circuit is rebalanced. Rebalancing is accomplished by a 
signal picked off the potentiometer and transmitted 
back to the bridge circuit. In actual operation then, 
the indicator motor is continually starting and stop- 
ping as the fuel supply is used. 


Тһе fuel quantity indicator is a sealed unit with по 
external controls or adjustments. The pilot can, how- 
ever, select individual tank readings from either the 
#3R (number 3 right rank) ог #31. (number 3 left 
tank) positions of the FUEL QUANTITY switch. 
There is also a provision for reading total quantity. 
The pilot would normally select these individual or 
total tank quantity readings in the event of a WARN- 
ING light indication from the number 3 ranks, or if 
he thought the fuel quantity gage appeared stuck after 
a reasonably long period of flight. 


Fuel Quantity Selector Switch. 


As we mentioned earlier, the quantity indicator can 
show the contents of all tanks, or of either of the 
No. 3 tanks. The pilot can obtain any one of these 
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Figure 3-16. 


three readings by means of the selector switch located 
on the fuel control panel on the left console. This 
switch has three positions—£ 3L, #3R, and TOTAL 
—as shown іп figure 3-17. 


Тһе selector switch controls two fuel quantity selector 
relays situated in the nose wheel well. When the pilot 
moves the selector switch to one of the number 3 
positions, the relays shut off che circuits of those tank 
probes which are not needed to obtain the correct 
readings. The indicator will then show the contents 
of that tank only. When the selector switch is in the 


, TOTAL position, che relays allow current to flow 


through all of che circuits and the indicator shows 
the total contents of all tanks. 
Fuel Quantity Indicator Test Switch. 


Note that a test button is also located on the fuel 
control panel on the left console. If the pilot thinks 
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Fuel Quantity Indicator Cutaway View 


that the pointer on the indicator has stuck in one 
position, he can check the pointer movement by mo- 
mentarily depressing the test button. This will stop 
the flow of current between the indicator and the 
bridge amplifier, and the dial pointer will drop off 
the scale to a position toward empty or below. When 
the pilot releases the test button, the pointer should 
return to its previous position. If it does, the pointer 
is very likely moving correctly in response co elec- 
trical signals from the bridge amplifier. 


CALIBRATION OF THE FUEL QUANTITY 
INDICATING SYSTEM. 


Like all other mechanical and electrical devices, the 
fuel quantity indicating system is subject to malfunc- 
tioning. You will find that che most probable cause of 
any such trouble lies within the amplifier bridge. In 
most cases you will be able to recognize a defective 
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Figure 3-17. Fuel Control Panel 


amplifier by observing the readings of the quantity 
indicator. If the indicator reads excessively high on 
both right and left positions of the selector switch, or 
if the quantity indicator reads the same at all three 
switch positions, che amplifier is che most likely fault. 
In some instances a defective amplifier will prevent the 
quantity indicator from giving any reading, regardless 
of the quantity selector switch position. 


Replacement of the amplifier necessitates calibrating 
the system. This means that you have to adjust the 
new amplifier to compensate for any slight differences 
in the airplane fuel systems, just as you might have to 
adjust a television set when you replace some of the 
components. Referring again to figure 3-15, note thar 
there is a removable cover on one end of the amplifier. 
Under this cover are, chree screws, labeled FULL, 
EMPTY, and RANGE. The RANGE screw positions 
a switch; che EMPTY and FULL screws adjust po- 
tentiometers. 


To calibrate the fuel system accurately, you will have 
to disconnect the unshielded coaxial and compensator 
electrical leads and then plug in a variable capacitance 
testing unit. This testing unit enables you to simulate 
the full and empty tank conditions without actually 
emptying and filling the fuel tanks. 
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With the test unit controls turned to the EMPTY posi- 
tion, the quantity indicator in the cockpit should read 
zero. If it does not, turn the adjusting screw until the 
quantity indicator gives the proper reading. The same 
procedure should be followed for calibrating the sys- 
tem for the рий! position. Set the RANGE adjustment 
screw in the third detent clockwise from the full 
counterclockwise position. In other words, back off 
the RANGE screw until it stops, then rurn the screw 
clockwise to the third "click" or detent. This is the 
normal position for the RANGE screw in the F-102A 
installation. 


The calibration procedures given here cover the basic 
steps required. Keep in mind, however, that this is 
only a very general description; for the detailed in- 
structions and procedures you should refer to the 
Maintenance Technical Order for the F-102A fuel 
system, Т.О. 1F-102A-2-5 and the Fuel System Training 
Supplement. 


THE PRESSURE RATIO 
INDICATING SYSTEM. 


The rpm that a reciprocating engine is turning up is а 
pretty good indication of the power it is. putting out. 
Тес engines are considerably different ia this respect 
—especially the twin-spool (two compressor) turbojet 
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used in the F-102A. One compressor can operate near 
$tall condition with no appreciable rpm change and 
without the pilot being aware of such a condition. 
To know exactly how the engine is performing, the 
pilot needs an accurate measurement of the thrust it is 
producing. The pressure ratio indicator, sometimes 
called a thrustmeter, provides this information. It was 
developed by modifying a machmeter, so you will 
recognize а resemblance between this mechanism and 
the airspeed and mach number indicator you learned 
about in Chapter П. 


Two different pressure ratio indicating systems аге 
‘used in the F-102A. Early models use an indicator 
‘which measures pressures piped to the instrument case. 
The other type consists of a remote indicator and a 
ipressure transmitting device. Both types compare total 
‘tailpipe exhaust pressure and total engine inlet pres- 
sure to measure performance. Inlet pressure is taken 
from the pitoc-static system; exhaust pressure is bled 
тот a probe just aft of the turbine section of the 
‘engine. We will discuss the direct reading indicator 
first because it is the most simple. 


‘DIRECT READING PRESSURE RATIO INDICATOR. 


‘Figure 3-18 shows a face view of the direct reading 
pressure ratio indicator. The inner, fixed, dial is cali- 
‘brated to show the ratio of the engine discharge pres- 
sure to its inlet pressure from 1.2 to 3.4. The outer, 
transparent, dial is lowered so you can see the mark- 
ings. This transparent dial is rotated manually by the 
‘knob in the center of the dial to line up the tempera- 
ture scale with the temperature index on the fixed 
dial. With the proper temperature setting, as deter- 
‘mined by the pilot from his outside air temperature 
indicator, the most efficient power settings should keep 
the pointer in the area covered by the range mark. 
The pointer is rotated clockwise by the movement of 
two diaphragms within the airtight instrument case, 


Now take a look at the operational schematic, figure 
3-19. The diaphragm within the frame is the tailpipe 
pressure diaphragm. This diaphragm expands and 
raises the entire frame assembly when exhaust pres- 
sure enters it. The amount of expansion depends on 
the difference between the pressure inside the dia- 
phragm and the pressure on its outer surface. Angular 
position of the frame is controlled by movement of the 
inlet pressure diaphragm shown in the illustration. 
This diaphragm is a sealed, evacuated unit (aneroid- 
type). Thus, it expands and contracts with changes of 
pressure on its outer surface only; since it is a sealed 
chamber, the inner pressure is constant. The pressure 
"оп its outer surface is the inlet air pressure. 


: Note in figure 3-19 that the rocking shaft is geared со 
the pointer. This shaft is turned by the vertical move- 

ment of the frame assembly. Just how much pointer 
| movement results from a given displacement of the 
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frame depends on the angular position of the frame. 
As altitude increases, the sealed inlet pressure dia- 
phragm expands due to the reduced atmospheric pres- 
sure. This expansion rotates the frame so that the 
frame lever moves closer to the rocking shaft. Note 
that the closer che frame comes to the rocking shaft, 
the more the rocking sliaft will be turned by a given 
amount of vertical displacement of the frame. It is 
just as though the actuating arm of the rocking shaft 
were being varied in length. 


There is one disadvantage in using a direct-reading 
pressure ratio indicator—exhaust gases are piped into 
the cockpit of the airplane. À dangerous condition 
could result if anything happened го cause a leak in 
the system within the cockpit area. To eliminate that 
possibility, a remote-indicating system is installed in 
the later models of the F-102A. 


THE REMOTE INDICATING 
PRESSURE RATIO SYSTEM. 


If you understand che operation of the direct reading 
pressure ratio indicator, you won't have any trouble 
understanding this remote indicating system. It fur- 
nishes the same information to the pilot and in a sim- 
ilar manner, except that the measuring mechanism is 
mounted in the area between the two engine air intake 
ducts. It connects electrically to the indicator which 
occupies the same position on the instrument panel as 
the self-contained unit. 


The Transmitter. 


Figure 3-20 shows a side view and an end view of the 
transmitter assembly as it appears in the airplane. In 
the end view, note (һас there are two tube fittings, 
one marked LOW and the other marked HIGH. The 
low presssure connection receives the inlet air pres- 
sure while the high pressure connection receives the 
exhaust pressure. In che center is the electrical recep- 
tacle. It provides power to a synchro transmitter 
within the transmitter assembly and carries che out- 
put signal from the synchro to the indicator. These 
pressure and electrical connections are all on the 
base of the unit rather than on the transmitter itself, 
because the base is attached firmly to aircraft struc- 
ture and the transmitter is shock-mounted to the 
base. The curved tubes from the base to the transmitter 
carry the pressures to the transmitter case without 
interfering with the shock absorbing mountings. 


Internally, the transmitter contains the same sensing 
and measuring mechanism that is used in the direct 
reading indicator. Instead of rotating the pointer 
on the end of its shaft, the rocking arm in the 
transmitter is geared to a synchro transmitter. Thus, 
it puts out an electrical signal proportional to the 
deflection of the rocking shaft. 
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Figure 3-18. Direct Reading Pressure Ratio Indicator, Outer Dial Lowered 
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Figure 3-19. Pressure Ratio Indicator, Operational Schematic 


The Remote Indicator. 


"There are several differences between the remote 
indicator and the direct reading instrument. In fig- 
ure 3-21 note that the dial is calibrated for the 
same limits as the other instrument, but that it is 
positioned differently. There are two index markers 
and two windows in the face of che dial. The read- 
,ings in the small windows and the position of the 
index markers can be changed by the push-pull 
knob on the front of the indicator. When the knob 
is pushed in and turned, it will turn the numbers 
in the lower window and reposition the lower index 
marker. When the knob is pulled out and turned, 
' it will turn the numbers in the upper window and 
| reposition the upper index marker. The upper win- 
: dow and marker indicate the cruise setting desired 
"Бу the pilot; the lower window and marker indicate 


the takeoff reading which should be indicated when 
the takeoff is iade. These dials and markers are 
connected mechanically то the knob and are set 
manually by it. In no way are they affected by the 
indicating mechanism (һас turns the pointer. 


Inside the indicator case is a synchro receiver, a mag- 
netic amplifier, and a servo motor. The posicion of 
the synchro in the transmitter unit provides a signal 
to the indicator through an electrical connection in 
the rear of the indicator case. This signal positions 
the synchro receiver, which in turn sends a signal 
via the amplifier ro the servo motor. The servo motor 
then turns the pointer shaft to deflect the pointer 
and indicare the pressure ratio. 


To set the remote indicator properly, the pilot must 
detérmine two factors. First, he contacts the control 
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Figure 3-20. Pressure Ratio Transmitter 
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tower to get the existing temperature at the field 
and the estimated temperature at the altitude at 
which he intends to cruise. He then consults his 
performance charts to determine what the settings 
on the indicators should be for the two temperature 
conditions. When he turns the setting knob, the index 
marker and the numbers in the corresponding win- 
dow will show the same reading. 


You can see an example of these readings in figure 
3-21. Note that the upper index marker is between 
2.5 and 2.6, while the indication in its corresponding 
window is the same or 2.55. Note also that the lower 
l window shows a reading of 1.80 and that its index 
marker is at the corresponding position on the dial. 


The windows serve only to give the pilot an accurate 
and simple method of telling what his index setting 
is. Note that the lower index (for takeoff) has а 
raised portion on one end. This is the most desirable 
position for the pointer during takeoff. However, it 
is safe to take off even if the needle goes beyond that 
point, as long as it remains within the zone covered 
by the marker (between 2.5 and 2.6). When the 


, aircraft reaches the selected cruise altitude, the pointer 


should match up with the upper, cruise index, marker. 
The pilot then knows that his engine is performing 
efficiently. 


Since the pressure ratio indicator operates on the 
diaphragm and aneroid principle, it is subject to 
error if the tubing to (һе instrument (either the 
direct indicator or the remote transmitter) leaks or 
becomes restricted. In particular, you should check 
for leaks in the pitot and engine-transmitcer line 
which will cause the indicator to read either too 
high or too low. You may also find that the instru- 
ment fails to register at all, in which case chere is 
а malfunction in the circuits. You should check the 
circuit becween the indicator and the transmitter, 
or in either one of these units. You will find more 
detailed maintenance information and procedures in 
Т.О. 1F-102A-2-9, Instruments. In checking these 
systems, you should always follow the instructions 
in your maintenance technical orders very carefully. 


THE TACHOMETER. 


The purpose of the tachometer is to determine the 
revolutions per minute at which the engine is operat- 
ing, and to provide an indication of that engine 
speed to the pilot. There are several kinds of ta- 
chometers used in aircraft. Їп a single-engine aircraft 
which has the engine mounted directly ahead of the 
Cockpit, a mechanical tachometer is frequently used. 
This type is driven directly from the engine by a flex- 
ible shaft, and operates much like an automobile speed- 
ometer. However, most modern aircraft use electrical 
tachometers, thus eliminating the direct drive from the 
engine. These tachometers consist of a generator at- 
tached to the engine, and the generator is connected 
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Figure 3-21. Remote Pressure Ratio Indicator 


electrically to an indicator in the cockpit. The gener- 
ator and indicator are shown in figure 3-22. Let's con- 
sider the generator first, since that is the transmitting 
part of the system. 


THE TACHOMETER GENERATOR. 


On the F-102A, the tachometer generator is attached 
to the front of the accessory drive housing, on the 
right side of the engine. Аз you can see in figure 3-23, 
a pad-type mounting is used for its installation; that 
is, the generator is bolted to a flat, machined surface 
on the accessory housing. А square-end drive shaft 
projects from the generator into the accessory drive 
section where ir is turned by reduction gearing at 
4200 rpm when the engine is operating at maximum 
rated speed. This drive shaft runs through the center 
of the rotor (armature) shaft. А pin connects the 
two shafts at the end opposite the mounting pad. 
This arrangement permits the drive shaft to absorb 
any vibrations that might result from slight wear and 
misalignment at the connecting points. Thus, the rotor 
shaft—and consequently the rotor—spin at the same 
rate as the drive shaft. A bearing at each end of the 
rotor shaft supports it within the generator stator. Fig- 
ure 3-23 shows a cutaway view of the entire generator. 
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Figure 3-22. Tachmometer Generator and 
Indicator 


The rotor of the tachometer generator is a two-pole 
permanent magnet made of very hard steel. Surround- 
ing the rotor is the stator, made up of a laminated 
soft iron core around a three-phase winding. When 
the rotor turns, current is induced in the windings 
of the stator. Since the rotor has two poles (one 
North and one South), one complete revolution will 
result in one cycle of alternating current in each 
of the stator windings. Three wires come from the 
stator and carry this induced current to the gen- 
erator receptacle, and from there to the indicator in 
the cockpit. 


THE TACHOMETER INDICATOR. 


There is considerable similarity between the gen- 
erator and the basic mechanism of the indicator. 
That's understandable, since the indicator incorpo- 
rates a synchronous motor having many of the 
Same characteristics as a generator. The exploded 
view of the indicator in figure 3-24 shows the major 
components and how they are related to each other. 


The rpm of the engine in che F-102A is indicated 
by the tachometer indicator in per cent of maximum 
rated speed. The dial of che indicator is calibrated 
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from 096 co 100% of maximum rpm in 266 gradua- 
tions, beginning at the top of the dial and extending 
around for 2709. Тһе large pointer rotates around 
this dial. The small pointer rotates around its dial 
once for every 1096 change in rpm. Using both 
scales, the speed of the engine can actually be read 
up to 110% of rated speed. 


Power to operate the tachometer indicator comes di- 
rectly from the tachometer generator. The stator is 
wound in the same manner as that in the generator, 
and the rotor is a permanent magnet, just as the 
rotor in the generator. As the induced current from 
thé generator is fed to the stator of the indicator, a 
а rotating magnetic field is set up in the stator. You 
will recall from out discussion of magnetism in Chap- 
ter 1 how a permanent magnet tends to line up 
with the magnetic field around an electric con- 
ductor. Thus, the indicator rotor is literally dragged 
around ас a speed proportional to the speed of the 
generator. Since the generator is geared to che engine, 
the speed of the indicator rotor is an accurate indi- 
cation of the speed at which the engine is turning 
over. 


The rotor of the tachometer indicator is different 
from che rotor of the generator іп one respect—it is 
a four-pole magnet. In other words, it has two 
North Poles and two South Poles. Thus the speed 
of this rotor is one-half that of the rotor speed in 
the generator. For each complete cycle of current 
produced by the generator, the rotor of the indi- 
cator turns one-half turn. 


Now, noté that the shaft which turns with the in- 
dicator rotor turns another permanent magnet called 
the drag magnet. Around this drag magnet is a 
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Figure 3-23. Cutaway of Tachmometer Generator 
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Figure 3-24. Exploded View of Tachmometer Indicator 


drum which, because of its proximity to the magnet, 
is dragged around with the magnet. However, the 
rotation of the drum is limited by a spring, so the 
drum can only turn so far. Just how far it turns 
depends upon the speed of the drag magnet which 
turns it. As you can see, the drum and the pointer 
drive shaft are connected, so the pointer movement 
is directly proportional to the movement of the 
drum. Thus, the speed of the engine is transmitted 
,to the generator by gears, then to the indicator by 
electricity, and to the indicator pointers by the 
magnetic force of the drag magnet. 


You should not be alarmed if the tachometer indi- 
cator in the Е-102А doesn't show 100% rpm when 
you make a full power engine runup. Remember 
that these engines turn up at very high speeds (ap- 
proximately 10,000 rpm) and there is usually some 
variation in the speeds at which different engines 
produce their maximum thrust. 


Іг is easier to remove the tachometer indicator than 
ı the generator. Consequently, if you doubt che ac- 
! curacy of the indicator, you should first bench test 

the indicator on a tachometer tester or replace їг 


with an indicator known to be serviceable. If the 
indicator operates satisfactorily, the only other pos- 
sibilities of malfunctioning аге the generator or the 
leads between the generator and indicator. 


You can check the output of the generator with a 
field test unit that attaches to the generator output 
receptacle. Continuity checks will reveal the coa- 
dition of che circuits. You can find the method for 
performing continuity checks in the Electrical Sys- 
tems Training Supplement, Chapter III. 


INSTRUMENT REPLACEMENT. 


Sooner or later you will have to replace an engine 
instrument, so it might be well to mention here just 
how they are mounted in the airplane. Although the 
instruments discussed in Chapter II are bezel-mounted, 
most of the other instruments in the F-102A are 
clamp-mounted. Figure 3-25 shows a typical clamp 
mounting. Ás you can see, all that is required to 
remove or install one of these instruments is com- 
mon sense and common tools, so we won't go into 
further detail on che matter. 
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Figure 3-25. Clamp Mounting of Instruments 
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POWER SUPPLY INSTRUMENTS 


Contents 


Hydraulic Pressure Indicating System 
Hydraulic Accumulator Pressure Indicators.. 
Pneumatic Pressure Indicator............ 


A-C Voltmeter .................................. 


Summary 


In the power supply group of instruments we include 
the instrumentation which indicates che amount of 
power available to operate rhe various systems and 
components within the airplane. We do not mean, 
however, the actual motive power (engine thrust) 
Which propels the airplane through the air; instead 
we are talking about the power in the airplane sys- 
tems such as electrical, hydraulic, and pneumatic. 


The sources of power used in different types of air- 
craft vary considerably; in fact, some of the small 
iprivate planes have no powered systems at all. The 
F-102A, on the other hand, requires three types of 
power systems: electrical, hydraulic, and pneumatic. 
'The instruments used to indicate the power in these 
systems are the hydraulic system pressure gage, the 
hydraulic accumulator pressure gages, che pneumatic 
‘pressure indicator, and the а-с voltmeter. 


There is no single location in the Е-102А airplanes 
where you will find all of the power supply instru- 
ments grouped together. Instead, these instruments are 
placed at various locations throughout the airplane to 
serve their purpose best. For example, the a-c voltmeter 
is on the right-hand auxiliary instrument panel. The 
hydraulic pressure indicator for both the primary and 
secondary hydraulic systems is mounted on the main 
instrument panel on some models of the F-102A, and 
"оп the right console of other models. Neicher the 
hydraulic accumulator pressure gages nor the pneu- 
' matic pressure gage is located in the cockpit area. They 
are installed only for your use in maintenance and 
servicing of the systems, and are positioned near their 
respective filler valves. 


HYDRAULIC PRESSURE 
INDICATING SYSTEM. 


Тһе hydraulic pressure of both the primary and 
secondary hydraulic systems іп the Е-102А is shown 
by the hydraulic pressure indicating system. The іп- 
dications given by this system do not show che 
pressures in the two accumulators; that information 
is provided by two other instruments which we discuss 
later in this chapter. 


The hydraulic pressure indicating system is a remote 
indicating system consisting of two transmitters, an 
indicator, a selector switch, and the connecting elec- 
trical circuits. The hydraulic pressure indicator and 
one transmitter are shown in figure 4-1. 


The transmitter shown is the type used in both the 
primary and secondary hydraulic systems. 


THE HYDRAULIC PRESSURE TRANSMITTERS. 


Both hydraulic pressure transmitters (for the primary 
and secondary systems) in the F-102A airplanes are 
located in the hydraulic accessory compartment, just 
forward of the right main wheel well. Both trans- 
mitters receive electrical power from the airplane 
26-volt, 400-cycle, a-c supply. These transmitters can 
measure a pressure range from 0 to 4000 psi. 


Now let's look аг figure 4-2 which shows the com- 
ponents within a transmitter. Note that this trans- 
mitter incorporates а Bourdon tube and a synchro. 
Thus, the mechanism is quite similar to some which 
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Figure 4-1. Hydraulic Pressure Indicator and Transmitter 


we have already discussed. As you can see, the hy- 
draulic pressure to be measured enters a fitting in 
one end of the transmitter and then flows through 
a capillary tube to the Bourdon tube. А connecting 
link on the "free" end of che Bourdon tube transmits 
movement of this cube го rhe rotating shaft. А sector 
gear attached to che rotating shaft meshes with the 
pinion gear mounted on the end of the synchro 
rotor shaft. 


You can see then how the opening and closing of 
the Bourdon tube arc, caused by changes in the 
hydraulic pressure, position the synchro rotor. The 
amount of rotation of the synchro rotor is propor- 
tional to che hydraulic pressure in che Bourdon tube. 
When hydraulic pressure subsides the tube returns to 
its normally closed position, letting the rotor go 
back to а lower pressure position or to zero. А hair- 
spring attached. to the rotor takes up any slack in «һе 
linkage from the tube to the synchro rotor. 


Тһе snubber valve attached to the transmitter acts 
as а damper to reduce the effects of pressure surges 
and vibration on the Bourdon tube. You are prob- 
ably familiar with the vibration that can occur in 
fluid lines, and undoubtedly you have experienced 
vibrating and chattering in water pipes when you 
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turned a water faucet on. Obviously, without a snub- 
ber any vibration in rhe hydraulic system would 
cause the pointer in the indicator to oscillate if it 
were permitted to reach the Bourdon tube in the 
transmitter. In fact, hydraulic fluid could knock so 
seriously that you would also have to replace trans- 
mitters quite frequently. In addition to the damping 
action, the snubber valve includes a filter element to 
prevent foreign particles—if any exist in the fluid— 
from plugging the capillary tube. 


Тһе bellows shown in figure 4-2 is referred to as 
the "blowout bellows." If a leak should develop in 
the Bourdon tube, capillary tube, or in any of the 
connecting joints, the case of the transmitter would 
fill with hydraulic fluid under the full pressure 
existing in the system ас that time. This pressure 
could rupture the case and cause fluid to be sprayed 
around the surrounding area. Needless to say, this 
could create a hazardous condition. The blowout bel- 
lows prevents this danger. If pressure builds up in 
the case, the blowout will "give" at a certain pres- 
sure, and permit the fluid to run out at a slow rate. 


THE INDICATOR. 


The indicating component of the hydraulic pressure 
indicating system shows the pressure of both the 
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Figure 4-2. Hydraulic Pressure Transmitter—internal Mechanism 


primary and the secondary hydraulic system, but only 


' one at a time. The system pressure which is indicated 


depends on the position of the hydraulic pressure 
selector switch adjacent to the indicator. Both hy- 
draulic systems on the F-102A have normal operat- 
ing pressures of 3000 psi, Бис the indicator will 
show pressures up ro 4000 psi. 


In figure 4-3 you can see the hydraulic pressure indi- 
cator with its case removed. Note that it is a very 
simple synchro instrument containing the receiving 
(or repeating) half of che synchro system; the trans- 
mitting synchros are in che pressure transmitters which 
we just discussed. Since che indicator contains only onc 
synchro motor, it can indicate che pressure signals from 
only one of the cwo transmitting synchros аг one time. 
The pointer is attached directly to the synchro rotor 
Shaft, so it turns with the rotor. 


THE SELECTOR SWITCH. 


Тһе hydraulic indicator selector switch is located 


adjacent to the hydraulic pressure indicator. Іс con- 
песка into the eleccrical circuit which carries the sig- 
nals from the transmitters co the indicator. This 
selector. switch is a two-position type. When this 
switch is in rhe UP or forward position, the primary 


hydrauic system transmitter is connected to the in- 
dicator; when the switch is in the DOWN or aft posi- 
tion, the secondary hydraulic system pressure is in- 
dicated. Thus, the pilor can read the pressure of 
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Figure 4-3. Hydraulic Pressure Indicator— 
Internal View 
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Figure 4-4. Hydraulic Accumulator Pressure Indicator 


either hydraulic system on the same instrument. On 
some models of the Е-102А the hydraulic pressure 
indicator and its system selector switch are located 
on the right-hand console, while ocher models have 
these units on the main instrument panel at the 
extreme right side. 


SYSTEM MAINTENANCE. 


'The hydraulic pressure indicating system is usually 
very easy to troubleshoot. Since the indicator can 
receive signals from two separate transmitters, you 
can usually tell whether an erroneous reading is the 
fault of the indicator or one of the transmitters. If 
the indicator synchro is ас fault, it will be in error 
regardless of the position of the selector switch. 
On the other hand, if a transmitter is ас fault che 
indicator will read incorrectly only when switched 
to the malfunctioning transmitter. Of course, it is 
possible сћас the problem is in the electrical leads 
between the components of the indicating system. 
Your reading would not necessarily be erroneous, but 
you may receive no reading at аП. А continuity 
check would determine if the wiring circuit is the 
cause of the trouble. 
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HYDRAULIC ACCUMULATOR 
PRESSURE INDICATORS. 


Two hydraulic accumulator pressure indicators are 
installed in the Е-102А--опе for the primary and 
опе for the secondary hydraulic system. Both in- 
struments are identical, as shown in figure 4-4. You 
will find these indicators in the hydraulic accessory 
compartment, near the accumulators and reservoirs. 
'They are mounted on a bracket and face outboard 
so that they are readily visible when the compart- 
ment door is open. 


'The hydraulic accumulator pressure indicators are 
simple Bourdon-tube gages which are installed for 
convenience in servicing and maintaining the hy- 
draulic system. Each gage is calibrated from 750 psi 
to 3000 psi, but the pointer can go above or below 
these limits before striking stops. 


INDICATOR OPERATION. 


In figure 4-5, note that the tubing line to the in- 
dicator comes directly from the nitrogen end of the 
accumularor. This accumulator contains a floating 
piston which separates the hydraulic fluid from the 
pre-charge of nitrogen. Ав you can see, the in- 
dicator actually measures the pressure in the nitrogen 
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Figure 4-5. Hydraulic Accumulator Pressure 
Measurement 


|chamber. The purpose of the accumulators is to 
damp the pressure surges caused by the action of 
the hydraulic pump or relief valve, and to provide 
“backup” pressure to meet system demands until 
the pump furnishes the required flow. With the 
hydraulic pump not operating—when the engine is 
shut down—the accumulator pressure should be the 


‘normal pre-charge pressure of 750 psi. When the 


engine is operating, the hydraulic pressure should 
come up to about 3000 psi, moving the floating pis- 
ton along the accumulator and compressing the 
nitrogen to the same pressure. 


Thus, the hydraulic accumulator pressure indicators 
show the pre-charge pressures of the primary and 
secondary accumulators, when you are servicing the 
aircraft; and they show che actual pressure in the 
two hydraulic systems, when the engine is running, 
and the pressure pump is operating. 


‚ You can make a simple check of the accuracy of the 
' accumulator pressure gages by comparing their read- 


ings with (һе indications of the hydraulic pressure 
indicator in the cockpit. Of course, these readings 
will only agree when the pump is in operation. An 


‚ adjustment screw on the front of each accumulator 


pressure gage lets you correct the pointer position, 
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but the gage should be checked against a master 
pressure gage before any adjustments are made. 


PNEUMATIC PRESSURE INDICATOR. 


The indicator which shows the pressure of the air 
in the high pressure pneumatic system is mounted 
on the forward bulkhead of the right main landing 
gear wheel well. This instrument is identical to the 
hydraulic accumlator pressure gages except for the 
dial graduations. To be more specific, it is a simple 
Bourdon-tube iridicator. As you can see in figure 4-6, 
the dial is marked from 1000 to 3000 psi—3000 psi 
being the normal pre-charge pressure for this system. 
However, the indicator can show pressures up to 
3500 psi. 


PURPOSE OF THE INDICATOR. 


This indicator is installed in the F-102A airplanes 
for convenience in servicing. In figure 4-6, note that 
the indicator connects to the tube between the filler 
connection and the priority air flask. Air pressure 
is stored іп the flasks; they are recharged on the 
ground. The two permanent flasks are alwaye neces- 
sary equipment in the airplane; the alternate flasks 
can be added for they are required with certain 
types of armament. 


When the air flasks are filled, pressure first builds 
up to about 1200 psi іп she priority flask, then the 
priority air valve permits air to flow to the other 
three flasks. Conversely, when air pressure in the 
system drops to 1200 psi, che priority valve prevents 
any flow from the priority flask to the other flasks. 
Thus, approximately 1200 psi of air pressure is re- 
served to operate certain mechanisms which аге 
connected to the priority flask. This air pressure 
is used to extend the landing gear and ram-air tur- 
bine, to deploy the drag chute, and to operate the 
main landing gear brake cylinders. For more detailed 
information, refer to the High Pressure Pneumatic 
System Training Supplement. 


Like the hydraulic accumulator pressure gages, the 
pneumatic pressure gage has an adjustment screw 
just below the dial. You should use this adjustment 
only when the instrument is being compared with 
another indicator of known accuracy. 


A-C VOLTMETER. 


Power available from the alternating current system 
of the F-102A is measured by the a-c voltmeter. This 
instrument shows the voltage from the 26-volt, single- 
phase, step-down transformer, or shows the voltage 
of the 115-volt, 400-cycle, 3-phase, a-c supply. The 
voltage indicated at any particular time depends on 
the setting of a six-position selector switch. The 
voltmeter is situated on the right-hand auxiliary in- 
strument panel; the selector switch is part of the 
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Figure 4-6. Pneumatic Pressure Indicator and Connecting System Schematic 


power control panel which occupies the forward 
end of the rght-hand console, just below the volt- 
meter. In figure 4-7, you can see the voltmeter as 
it appears in the cockpit. You can find a complete 
description of the A-C System and components in 
the Electrical Manual, Chapter IV. 


The voltmeter is a self-contained instrument which 
is mounted to the panel by means of locking nuts 
molded into the phenolic cover. Two electrical ter- 
minals, by which the voltmeter is connected to the 
a-c control panel, are located on the back plate. Just 
below the glass you. сап see the zero adjusting screw. 
This is the only adjustment that you can make. 


OPERATION OF THE A-C VOLTMETER. 


There are several types of voltmeters. The type which 
we are concerned with here is sometimes referred to 
as the iron-vane or movable vane type. Its mechanism 
consists of a stationary element and a movable ele- 
ment. The stationary element is comprised of re- 
sistors, a coil, a fixed vane, and supporting frame- 
work. À pointer, spring, and vane attached to a 
jewel-mounted shaft make up the movable element. 
These items are shown in figure 4-8. 


Now let's see how the voltmeter comes up with an 
accurate measurement of the line voltage. Notice 
that the movable shaft and vane, and the fixed vane, 
are located inside the coil. As you know, when cur- 
rent flows through a coil а magnetic field is set 
up around the сой with lines of force most con- 
centrated through the center. Since the iron vanes 
offer less reluctance (resistance) to the magnetic flux 
than the air around them, these vanes become mag- 
netized. You learned why that is true in the dis- 
cussion of electromagnetism in Chapter 1. 
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Obviously, the magnetism of each vane is the same; 
that is, the north and south poles of each vane are 
in the same relative positions because they both re- 
verse with each alternation of current. Thus, the 
vanes repel each other. One vane is fixed so the other 
one moves away, turning the shaft to which іс is 
attached. The shaft rotates until the repelling force 
is equal со the restraining force of the spriog, thus 
positioning the pointer accordingly. Аз you will re- 
call from Chapter I, the strength of the magnetic 
force depends on the current in the coil. Since the 
current increases in proportion to an increase in 
voltage, the pointer position is an indication of the 
voltage across the instrument. 
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Figure 4-8. Voltmeter Movement ——Operational 
Schematic 


We have yet to consider the effects of temperature 
on the voltmeter. Naturally the electrical resistance 
of the coil, which is wound with many turns of cop- 
per wire, will increase with temperature increases. 
"This resistance change would alter the reading of 
the voltmeter considerably if the total resistance of 
the instrument were low. To prevent these variations, 
the voltmeter contains two resistors which are con- 
nected in series with the coil. These resistors are 
wound of a high resistance alloy wire that is not 
affected by temperature changes. Therefore, the over- 
all resistance of the instrument does not change 
much. You can even alter the length of the leads 
to the voltmeter without substantially affecting the 
total resistance. 


Another feature of the voltmeter, which is of in- 
terest, is the damping provisions. Note that there is 
very little clearance between the outer edge of the 
movable vane and the inner wall of the cylindrical 
coil. Consequently, when the movable vane moves, it 


; meets resistance from the air within the coil, since 


this air is being compressed. This resistance from the 


‚ аїг reduces the swinging of the pointer caused by 


vibration or sudden changes in the line voltage. Of 
Course, the air pressure quickly equalizes on both 
sides of the vane once the vane has stopped moving. 
The voltmeter is a very delicate instrument whose 
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operation depends to a considerable extent upon 
proper balance and a minimum of friction. Should 
you doubt its accuracy, check the effectiveness of the 
zero adjusting screw. This screw adjusts the move- 
ment іп а manner similar to the fast-slow adjustment 
on a watch. You should be able to move the pointer 
above and below the zero mark by rotating the screw 
a quarter of a turn in each direction from the zero 
position. To make a simple check for balance, remove 
the voltmeter from the panel. Hold the instrument 
in the normal mounted position and set the pointer 
exactly on zero. When you rotate the instrument a 
quarter of a turn in each direction, the pointer should 
not move far enough to show a visible gap between 
іс and the zero line. 


VOLTMETER SELECTOR SWITCH. 


We mentioned earlier that the voltage indicated by 
the voltmeter depends on the setting of the selector 
switch on the electric power control panel This 
switch is shown in figure 4-9. Notice that there are 
six positions or settings from which the F-102A 
pilot can choose. He can read the voltage of the 
115-уой, 3-phase supply for phase А, В, C, АВ, or AC, 
or the voltage of the 26-volt system. If the selector 
switch is in the 26-volt position and the generator 
is operating, the voltmeter should indicate 26-volts. 
In all other positions the reading should be 115-volts. 


SUMMARY. 


Although the location and purpose of some of the 
instruments in the power supply group are such that 
the pilots who fly the planes need not use them, it 
is still of utmost importance that these instruments 
be accurate. The safety of the pilot and aircraft de- 
pends on the proper functioning of the systems of 
which these instruments are a part, and any mal. 
functioning of the instruments could result in im- 
proper servicing of the systems. 


SELECTOR 


Figure 4-9. A-C Voltmeter Selector Switch 
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This chapter is devoted to the four instruments which, 


though not similar in function or operation, have one 
thing in common—they are not legitimate members 
of any of the instrument families chat we discussed 
in the previous chapters. One of these instruments— 
the outside air temperature indicator—is used in con- 
junction with instruments in the flight and naviga- 
tion group and in the engine group. However, only 
the early model airplanes of the Ё-102А series are 
equipped with this indicator; you will learn why 
that is true a little later іп this сһаргег, This indicator 
is located on the right-hand console. 


The other three instruments in this group are the 
cockpit pressure altimeter, the landing gear position 
indicating system, and the oxygen pressure and flow 
indicacor. You will find all of these instruments on 
the left side of the cockpit. Since there is little simi- 
larity among the instruments covered in this chapter, 
we will discuss them in alphabetical order. 


COCKPIT PRESSURE ALTIMETER. 


The cockpit (cabin) pressure altimeter is a compara- 
tively simple "cousin" to the sensitive pressure alri- 
meter discussed in Chapter П. You should remember 
the basic principles on which altimeters operate and 
the definition of altitude from that discussion. In 
addition, the general description of aneroid instru- 
ments in Chapter I gives you the mechanical char- 
acteristics of this indicator. We won't repeat all of 
those things here; however, the important fact is that 
the cockpit pressure altimeter contains one aneroid 
diaphragm that turns a single pointer to show cock- 
pit pressure up to an equivalent altitude of 50,000 
feet, Figure 5-1 shows the cockpit (cabin) pressure 


altimeter as it appears in the F-102A. You will find 
this instrument on спе left-hand auxiliary instrument 
panel under the CABIN AIR switch. 


Understanding the actual mechanical operation of the 
cockpit pressure altimeter isn't соо difficult, but you 
should know a little bit abouc why it is needed and 
what it tells the F-102A pilot. This instrument can 
also be helpful in certain tests you may make on che 
ground, and in giving you clues which will help 
in solving some problems encountered in the cock- 
pit pressurization system trouble shooting. Remem- 
ber, just because a pilor writes up a squawk on ап 
instrument doesn't necessarily mean that the instru- 
ment itself is malfunctioning. In many instances ап 
unusual indication is a sign of other faulty equipment 
that the pilot has по way of checking. Let's delve 
into this matter of cockpit pressurization a bir further 
to clarify what the indications of the cockpit pres- 
sure altimeter really mean. 


COCKPIT PRESSURIZATION. 


Since the molecules of air are evenly distributed, at- 
mospheric pressure (under a given set of conditions 
and altitude) is equal at any point of contact. That 
means the air pressure оп che human body 15 equal 
at all points, so we are not aware of pressure at 
any given level, We are, however, aware of cbanges 
іп pressure—especially sudden changes like chose 
felt when an airplane ascends or descends rapidly. For 
example, sudden drops in pressure, as experienced 
during a high speed climb-out, do not give the body 
time to adjust, and gases trapped in the body expand 
causing much discomfort or even death. 
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Figure 5-1. Cockpit Pressure Altimeter 


Besides the dangers of rapid pressure changes, there 
are certain maximum and minimum pressure limits 
beyond which the human body cannot function 
properly. At 42,000 feet the average air pressure is 
only 2.47 psi (as compared with 14.7 psi at sea level), 
and that simply is not sufficient to maintain normal 
body functions. 


Pressurization reduces the effect of the changing or 
reduced air pressure оп the F-102A pilot by restrict- 
ing the rate of pressure change within the cockpit, and 
by keeping the pressure at a safe level. Thus, a pres- 
surized cockpit is one in which the air pressure is 
maintained at a level greater than the ambient pres- 
sure of the air around it. The most convenient way 
to express this pressure level is in terms of pressure 
altitude. The cockpit pressure altimeter case 15 vented 
to the cockpit rather than to oustide static air, so it 
shows the cockpit air pressure in terms of the cor- 
responding pressure level in the theoretical "srand- 
ard armosphere." 


You can see in figure 5-2 what the cockpit pressure 
altimeter should indicate at various altitudes. Note 
that the graph shows the airplane altitude in 1000 
foot intervals and two altitude instruments; the upper 
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instrument airplane altitude, and the lower instru- 
ment cockpit or cabin altitude. The gray band герге- 
sents the approximate difference between the two alti- 
tudes. The example in figure 5-2 shows how an air- 
plane altitude of 40,000 feet equals a cabin altitude 
of approximately 17,000 Ғеег. By using this example 
you can determine the approximate cockpit altitude 
for any airplane altitude. On the right side of the 
graph, note that above 26,500 feet there exists а 5 
psig pressure differential between the two altitudes. 


Operation of the Cockpit 
Pressurization System. 


We've established why the F-102A cockpir is pressur- 
ized—now let's briefly discuss bow it is pressurized. 
Then you will be better able to interpret any trouble 
symptoms given by the cockpit pressure altimeter 
readings. Air can be brought into the cockpit of 
the F-102A either directly from che left-hand bound- 
ary-layer intake, or from the 1б‹һ stage of the 157 
engine compressor. The cabin air switch on the 
left-hand auxiliary instrument panel (shown іп figure 
5-1) is used by the pilot to control the source of in- 
coming air. 


In the RAM position the boundary-layer ram air is 
used and the cockpit is unpressurized. In the PRESS 
position, the air intake is from the engine "bleed" 
air. This is the normal operating position. The RAM 
position is usually used only if the pilot feels that 
the other system of air intake is malfunctioning. 
When the switch is in OFF, all air flow to and 
from the cockpit is shut off, and air will gradually 
leak from the cockpit until che pressure is equal to 
the outside air pressure. 


Air bled from the engine compressor is ас high pres- 
sures and temperatures (sometimes as much as 800°F.). 
Part of this air is routed through the airplane's re- 
frigeration unit where its temperature is reduced. 
The remainder of the bleed air bypasses the refrig- 
eration unit, An outlet line from the refrigeration unit 
joins the bypass line. By the use of a manual сетрега- 
ture selector switch on the utility switch panel (on the 
instrument panel skirt), the pilot can contro] the tem- 
perature of the air which enters che cockpir. This is 
accomplished by a valve in the bypass line which 
regulates the amount of straight bleed air that is 
mixed with the refrigerated air. 


Тһе actual pressure of the air in the F-102A cockpit 
is automatically regulated by a pressure regulator, a 
safety valve, and a rate sensor. You can locate these 
components in figure 5-3. The pressure regulator, 
located in the cockpit floor berween the rudder pedals, 
regulates che flow of air out of the cockpit by bal- 
ancing cockpit pressure against static air pressure 
(ambient air). The safety valve performs the same 
function as the pressure regulator but it has higher 
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Figure 5-2. Cockpit Pressurization Schedule 


relief settings. It is located on the bulkhead behind 
the pilot's head-rest. Thus, this valve does пог func- 
tion when the cabin air switch is in the PRESS 
position except when the pressure regulator fails. 
"ТЬе rate sensor is connected by a pressure sensing 
line to a flow control valve in the engine compressor 
bleed line. The flow control valve is open whenever 
the switch is in the PRESS position. This rate sensor 
serves to limit the rate at which the pressure can 
build up in the cockpit to a maximum of 4 psi per 
minute, Remember, any rapid change in pressure en- 
dangers the health and efficiency of the pilot. 


Тһе pressure regulator or (һе safety valve regulates 
the cockpit pressure in three stages. Let's consider 
the pressure regulation first, since that is the normal 
regulating mechanism. 


PRESSURE REGULATOR. Up to 10,000 feet of alti- 
tude the pressure regulator permits practically unre- 
stricted flow of air from the cockpit; this is known as 
the unpresstrized operation stage. Between 10,000 feet 
and 26,500 feet, che pressure regulator maintains the 
cockpit pressure at about 10.2 psi, which is equivalent 
to the normal atmospheric pressure at 10,000 feet. 
This is known as the isobaric stage (iso—equal, baric 
—pressure). Above 26,500 feet altitude, the air pres- 
sure in the cockpit is maintained at about 5 psi above 


the pressure outside of the cockpit (ambient air pres- 
sure). This is called the differential operation stage. 
Ав you can see, figure 5-2 shows graphically how che 
pressure altitude in the cockpit compares wich the 
pressure altitude outside of the cockpit when the 
regulator is operating normally. 


In the event of pressure regulator malfunctioning, the 
safety valve prevents excessive pressure build-up in the 
cockpit. If this did пос occur, something would have 
to give—probably the cockpit canopy seal or the 
glass—and the pilor would be subjected to explosive 
decompression. That would be very bad. Once again, 
rapid change of pressure is tough on pilots. 


SAFETY VALVE. There are also three stages of opera- 
tion of the safety valve. The primary differential oper- 
ation stage (corresponds to the unpressurized stage of 
the regulator) is in effect from 0 to 13,000 feet. In this 
stage the cockpit pressure can build up to about 1.5 
psi over atmospheric pressure. The same term is used 
for the second stage of operation of the safety valve as 
is used for the regulator—isobaric, This stage is from 
13,000 feet to 26,500 feet. From 26,500 feet on up, the 
secondary differential svage of operation is in effect. 
This is the same as the third (differential) stage of the 
pressure regulator, except that the upper limit is 
higher; it permits a pressure differential of about 5.25 
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Figure 5-3. Cockpit Air Conditioning and Pressurization System 
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psi instead of 5 psi. Thus, you can see that che safety 
valve accomplishes the same basic job as the pressure 
regulator, except that ir is inoperative unless the regu- 
lator goes out. The reason it is normally inoperative 
is, of course, due to its higher relief limits that are 
Idesigned со relieve pressure in case of regulator failure. 


OTHER PRESSURIZATION SYSTEM COMPO- 
;NENTS. There are several other components which 
we should mention just briefly in our general discus- 
,5ion of the cockpit pressurization system. (For a more 
comprehensive discussion of this system, refer to che 
\Low-Pressure Pneumatic System Supplement of this 
(training series.) These components are the landing 
„gear safety switch, the armament door switch, and the 
lair control timer. The landing gear safety switch opens 
the safety valve whenever the weight of che airplane 
is on the main landing gear. If this pressure relief 
| feature were not provided and the pressure regulator 
‘malfunctioned, the safety valve would. permit cockpit 
pressure co remain аг about 1.5 psi above ambient 
‘pressure at touch-down. If this pressure were not 
dumped (vented) when the airplane landed, the ріїог 
would get quite a surprise when he unlatched the 
| сапору. 


"Тһе armament door switch and air control timer shut 
off all air intake to the cockpit during armament 
‘firing, and for several seconds thereafter. This feature 
prevents gases and corrosive dust (products of com- 

| bustion of the armament propellant) from entering 
the cockpit. Since a certain amount of leakage around 
the canopy seal and through the structure is unavoid- 

‘able, the cockpit pressure gradually reduces during 
the armament firing cycle. Thus, the cockpit pressure 

, altimeter shows a continuous pressure altitude increase 
during the period of armament firing. 


Having covered the highlights of the cockpit pressur- 
ization system, you can now view the cockpit pres- 
sure altimeter from the standpoint of utility. In other 
words, you can use its indications to pin-point specific 
problems. 


EVALUATION OF ALTIMETER INDICATIONS. 


Figure 5-2 shows what the cockpit pressure alcimeter 
should indicate at various altitudes, but what if it 
doesn't? Well, chere are lots of things that could 
cause false indications. Probably che least likely is 
an error іп the indicator itself. Of course, since the 
cockpit altimeter has no external controls (and there- 
fore cannot be adjusted for variations in sea level 
pressure), there could be some variation from the 
reading of the sensitive pressure alcimeter even when 
the cockpit is totally unpressurized. However, this 
is nothing го worry about since the cockpir pressure 
altimeter is used only to indicate pressure conditions, 
not flight level or terrain clearance. 


INSTRUMENTS 


Without going іпго detail on trouble shooting of the 
pressurization system, lers consider what some pecu- 
liar indications might tell you. From our previous 
discussion on cockpit pressurization you know that 
the гасе at which the cockpit pressure builds up is 
controlled by the rate sensor. If a pilot reports chat 
the cockpit pressure altimeter fluctuates considerably 
—indicating pressure surges—the rate sensor may be 
to blame, Consistently Бер indications suggest a 
pressure leak somewhere in the system. On the 
other Һапа, the altimeter will indicate consistently 
low at some altitudes if the pressure regulator fails. 
This is because the safety valve permits higher cock- 
pit pressures than the pressure regulator, and che 
greater the cockpit pressure the lower the altitude 
indication. 


'These are just a few examples which show you how 
knowledge of che cockpit pressure altimeter can help 
you interpret various trouble symptoms in the pres- 
surization system. However, you should not assume 
that the inscrument is »ever ас fault—if you doubt 
its accuracy, it’s a simple matter to remove it and 
check it out in rhe instrument shop. 


LANDING GEAR POSITION 
INDICATING SYSTEM. 


Position of the landing gear on the F-102A. is shown 
on the upper left side of the main instrument panel. 
There are three separate dials; опе for each main 
gear and one for the nose gear. Each of these dials 
can give three different indications. When one of 
the indications shows UP, the corresponding gear is 
up and locked. When the gear is down, a picture of 
the landing gear wheel shows. Diagonal lines appear 
on che dial if either the electrical power source is 
cut off or the landing gear is in transit between the 
up-and-locked and down-and-locked positions. As you 
can see in figure 5-4 these dials are arranged to cor- 
respond to the relative locations of che airplane land- 
ing gear. 


THE INDICATORS. 


The only difference between the landing gear position 
indicators and the afterburner exhaust nozzle position 
indicator (which was discussed in Chapter 111) is 
the way in which the rotating cards are marked. As 
you will recall from that discussion, che indicator 
contains two solenoids and a spring-centered, three- 
position card. The indication given depends upon 
which position of the card shows іп the window. 
This position indication depends upon whether the 
card is held centered by the spring or has been 
rotated by one of the solenoids. Ап operational 
schematic and the card markings for one of the 
landing gear position indicators are shown in figure 
5-5. You can see by the directional arrows how the 
energizing of а solenoid rotates the card. When 
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neither solenoid is energized, the spring centers the 
card. Remember «һас all three indicators аге iden- 
tical, 


POSITION SWITCHES, 


Several switches are involved in the landing gear 
position indicating system. They are actuated by 
contact with moving parts of the landing gear and 
wheel well door mechanisms to provide current from 
the 28-уо d.c supply to the indicators. Various 
combinations of switching action result in different 
Circuits being energized and therefore different in- 
dications in the cockpit. The switching action used 
for the nose landing gear (INLG) is not the same as 
for the main landing gear (MLG), so let's discuss them 
separately, 


NLG Switching Action. 


Four switches affect «һе МІС position indication. 
These switches are the NLG position up switch lo- 
cated on the under side of the cockpit floor in the 
nose wheel well (NW W); the МІС position down 
switch which is also in the NWW оп the canted 
(aft) bulkhead, che NLG lock switch mounted on the 
up and down latch mechanism of the gear drag strut, 
and the NWW door cylinder switch attached to the 
door acruating cylinder. Note the location of these 
switches in figure 5-6. 


Now suppose that (һе nose landing gear is up-and- 
locked. To get an UP indication on the INLG posirion 
indicator, the UP circuit is energized as shown in the 
schematic (figure 5-7). Note that the power supply 
terminal of the indicator is energized and the UP 
solenoid is grounded. The power supply circuit is 
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energized when the NLG lock switch is closed by the 
latching mechanism. Two switches are closed to pro- 
vide the ground—the NWW door cylinder switch and 
the МІС position up switch. А lock within the door 
closing cylinder actüates the door cylinder switch, per- 
mitting current flow to the NIWW door position in- 
dicator relay; this relay is also shown in the illustra- 
tion. When the relay is closed, and when the NLG 
position up switch (contacts А and C) is held closed 
by pressure of the retracted gear, the circuit is com- 
pleted to ground. 


Only two switches are involved in the NLG DOWN 
indication. The power supply circuit is again ener- 
gized by current flow through the NLG lock switch, 
just as in the up-and-locked position. To complete che 
DOWN circuit, che МІС position down switch is 
closed (contacts А and C). This switch furnishes the 
ground pach for the DOWN indication circuit, and is 
actuated by the steer-damper unit linkage. Thus, the 
down solenoid is energized and the miniature wheel 
shows on the indicator dial. 


MLG Switching Action. 


Both MLG position indicators are energized by the 
same kind of switching action. The switches involved 
are the MLG door closed. switches and the MLG down- 
and-locked switches, Each MLG has a forward and ап 
ак МІС door closed switch, located on the forward 
and aft wheel well bulkheads, and a MLG down-and- 
locked switch on the downlatch mechanism on the 
side brace. Figure 5-8 shows the location of these 
switches on the main gear and in the main gear wheel 
well. Both right and left MLG position indicating 
switches are the same so only the left one is shown. 


In figure 5-9, note that the power supply terminals of 
the left main landing gear position indicator is always 
connected to the airplane 28-volt d-c system, regardless 
of the gear position. To get an UP or DOWN indica- 
tion on an indicator then, it is only necessary chat the 
appropriate indicator solenoid have a path to ground. 
When neither solenoid is grounded, the rotating card 
of each indicator is centered by spring tension and the 
diagonal lines show. 


Тһе main landing gear on the F-102A is locked in rhe 
UP position by che wheel well doors. When these 
doors are completely closed, the forward and aft МІС 
door closed switches are actuated by che door actuator 
cylinder bell crank arms. This action grounds the up 
solenoids in che indicators, resulting in an UP indica- 
поп. When the main landing gear is fully extended, 
the downlatch mechanism аспиагев the МІС down- 
and-locked switches. Thus, the down solenoid circuits 
are completed to. ground and the DOWN indication 
appears on the indicators. 
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Figure 5-5. Landing Gear Position Indicator Operational Schematic 


PROBLEMS OF THE SYSTEM. 


You should have very little trouble with che landing 
gear position indicators, but any problems that occur 
anywhere in the system warrant your careful attention, 
All three indicators are identical, so switching the 
leads during a retraction test may help you to isolate a 
problem. For example, suppose (һас an F-102A pilot 
reports that his nose landing gear does not indicate 
up-and-locked when che control lever is in the retract 
position. Naturally, you have to determine whether 
the gear is пог retracting fully or whether the indi- 
ting system is in error. 


By switching leads on the nose landing gear indicator 
With one of the main landing gear indicators, you can 
tell if che trouble is within the indicator or some other 
part of the system. A faulty indicator will not indicate 
correctly when connected to any system. Similarly, if 
the nose landing gear isn't retracting properly, or if 
the switching action or leads are causing the error, 
any of the three position indicators will read incor- 
rectly when connected to the nose landing gear indi- 
cating circuits. 


Тһе landing gear position indicarors are sealed units, 
having no external adjustments, so they must ђе re- 
placed if faulty. Any problem traced to causes other 
than the indicator should be checked out in accord- 
ance with instructions in your F-102A maintenance 
‘manual. 


‘OUTSIDE AIR TEMPERATURE 
INDICATOR. 
In our prevous discussions of instruments we have 


pointed out a need for air temperature information оп 
ithe part of che F-102A pilot. For example, he must 


know the outside air temperature to compute true air- 
speed from his indicated airspeed. He also needs this 
information to sec che marker (or markers) on his 
pressure ratio indicator correctly. Thus, the outside 
air temperature indicator is sometimes grouped wich 
engine or with flight and navigation instruments. 


Accurate ground temperature and escimaced flight level 
temperatures ace available from any control tower. 
Consequently many airplanes of the F-102A series are 
not equipped with an outside air temperature indi- 
cator, Nevercheless, you should know something about 
this indicator in case you work on the airplanes іп 
which it is installed. 


CONSTRUCTION. 


The outside air temperature indicator is a resistance- 
type thermometer which shows the temperature of che 
air outside the airplane within a range of —50° to 
4-509 centigrade. Internally, che indicator contains 
two coils mounted on а common shaft which turns 
within a core. The poles of a permanent magnet sur- 
round this core. Three springs carry current to and 
from che coils and rotate the movement so that the 
pointer is off the scale when the power supply is in- 
terrupted. Several resistors are included in the instru- 
ment circuit, and a plug at the rear of the case con- 
nects to a resistance bulb and the airplane 28-volt d-c 
power supply. Figure 5-10 shows the face of this in- 
strument and the electrical schematic of its hook-up 
in the airplane. The components mentioned above аге 
illustraced schematically when we discuss the opera- 
tion of this instrument. 


OPERATION. 


Like the exhaust temperature indicator which we dis- 
cussed in Chapter 111, the outside air temperature in- 
dicator operates on the principles of magnetism. The 
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Figure 5-7. Nose Landing Gear Position Indicating Schematic 


pointers of both instruments are positioned by che rel- 
ative strength of electromagnetic and permanent mag- 
netic fields. However, the similarity stops at this point. 
' As you will recall, the exhaust temperature indicator 
|operates on the thermo-electric principle—thac is, the 
difference of electrical potential of two dissimilar met- 
als. The outside air temperature indicator, on the 
other hand, requires power from the d-c system be- 
cause thé temperature range which it measures is not 
great enough to use che thermo-electric principle. In- 
stead, this instrument simply measures the relative 
resistace of two parts of a bridge circuit. For char rea- 
son, it is sometimes referred to as a ratio-type indi- 
cator, or ratiometer. 


The Ratiometer Mechanism. 


To help you understand the operation of the ratio- 
type instrument, let's go back and briefly review some 
principles which are involved in its operation. First 
of all, you will remember that the magnetic field of 
force around any magnet takes the path of least re- 
luctance. If the lines of force can flow through a core 
of metal, they will do so rather than flowing through 
the air. By the same token, if the two poles of a mag- 
net are closer together in one place than in another, 
the flux will be mosc concentrated at the place where 
they are nearer together. Another point which you 


should remember is that when current flows through 
а coil of wire, a magnetic field is set up. When the 
amount of current increases, the strength of the mag- 
netic field around the coil increases. 


If chis coil is suspended in the field of a permanent 
magnet, the force, or torque, which tries to rotate the 
coil becomes greater as the current increases; and the 
more loops of wire in the coil, the greater will be the 
torque produced. Thus, che corque depends primar- 
ily on three things—the number of loops of wire in 
the coil, the current flow through the coil, and the 
strength of the field of force (Вих density) of the 
permanent magnetic field around rhe сой. 


Now take a look at the operational schematic of the 
ratiometer-type of instrument. (See figure 5-11.) Мосе 
that the two coils of wire are mounted directly oppo- 
site each other on a common shaft. As you can see, а 
core is attached in such a way that the coils surround 
ic and come between the core and the permanent mag- 
net. Note also that the core is mounted eccentrically; 
that is, it is closer to the magnet in some places than 
in other places. In this instrument, the core is mounted 
high in the circular space between the poles of the 
permanent magnet. Thus, the flux densiry is greatest 
at the top of the core and decrease proportionally on 
both sides of the core. 
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When the coils rotate, they move in this space between 
the magnet and the core. We have determined that the 
torque produced is proportional to the amount of 
current flowing through the coil and the flux density 
of the magnetic field in which the coil is positioned. 
"Therefore, you can understand why the torque of these 
particular coils is determined by che resistance of the 
circuit, the voltage, and the magnetic field strength. 


Аз you can see in figure 5-11, when one of the coils 
rotates, the other must also move, because they have 
а common shaft. Consequently the indication given 
by the attached pointer is che result of the combined 
forces acting on the two coils. These coils аге wound 
in such a way that both of them attempt to turn, ог 
apply torque, in the same direction as shown by the 
arrows in che cutaway view, Thus, as the lines of force 
flow from one end of the permanent magnet to the 
other, they cause both coils го push downward. Тће 
coil which has the greatest current flow will have che 
greatest rotational force and will rotate down, forcing 
the ocher coil upward. 


In moving downward, тһе coil having the greatest 
current flow is moving from a position of high flux 
density to a position of low flux density, and the 
other coil is being forced upward to a position of 
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greater flux density. Now, if the coil that is moving 
downward is losing torque because of the decreasing 
flux density, and the other coil is increasing its torque 
by entering an area of greater flux density, then the 
two coils will reach a certain point where the torques 
balance. At this balanced condition, the coils and 
pointer come to rest. 


Getting back to our current flow, you will recall that 
the indicator is connected to the 28-volt d-c system. 
One of the instrument coils has a circuit containing 
certain fixed resistances. The other coil has the tem- 
perature sensing bulb connected in series with іс. біпсе 
the temperature bulb varies in resistance with changes 
of temperature, the current flow through that coil will 
vary. Ат times it will permit a greater current flow 
than the other coil, and at other times less current 
flow. How much current it permits to flow through | it 
at any one time determines how much torque is pro- 
duced and therefore, determines the balance-point of 
the two coils. In so doing, of course, the current flow 
determines what posirion will be taken by the indi- 
Cator pointer. 


A discussion of the ratio-type measuring instrument 
wouldn't be complete without mentioning its par- 
ticular advantages over other resistance indicators. As 
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Figure 5-9. Left Main Landing Gear Position Indicating Schematic 


you know, the 28-volt d-c system of an airplane is che 
generator-battery power system. Any direct current 
system of electrical power is subject to fluctuation, If 
an indicator is dependent upon rhe current input, 
there will be similar fluctuations in its indications. 
This is where the ratiometer instrument is superior 
to other types; іг5 practically unaffected by normal 
current fluctuations. Аз we pointed out, its readings 
are the result of compared torque values of two differ- 
ent coils. ТЕ the overall power input to one coil varies, 
the power to the other coil varies the same amount. 
Thus, the ratio of the two torques is che same re- 
gardless of current input. 


The Bulb. 


We can't disregard the resistance bulb, since it's an 
important part of che electrical circuit of one of che 
coils. As you can see in figure 5-12, this temperature 
sensing bulb is located in the engine air intake stub 
duct and looks much like the thermocouples used in 
the exhaust temperature circuit. However, chis bulb 
contains a wire of a single material which is greatly 
affected by temperature changes—when the wire is 
hot, its resistance is much greater chan when it is 
cold. The hotter ir becomes, thé more resistance it 
offers to the flow of current. This wire is encased in a 
hollow tube, sealed at one end and brazed to a firring 
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at the other end. А filling material insulates the wire 
from the tube. The only reason it is necessary to cover 
the wire, is that it could become corroded or che 
looped wire could become "shorted" in one way or 
another, thus destroying its normal resistance charac- 
teristics. 


MAINTENANCE. 


The outside air temperature indicator and cemperature 
sensing bulb are both sealed units having no external 
controls Ог adjustments. If any problems arise which 
are caused by anything other than faulty wiring, you 
simply remove and replace che defective unit. The 
problem, then, is го determine where the trouble orig- 
inates so that you do not have to replace parts which 
are in perfectly good condition. 


'The reasons for some malfunctions which you may 
encounter should be obvious from what you have al- 
ready learned in this discussion. For instance, if the 
pointer remains on its off-scale position (mechanical 
zero, not the zero degree position) when d-c power 
is on, you can expect to find one of two causes: either 
the power supply circuit is open or there is a poor 
ground connection, Should rhe pointer remain on-scale 
with power off, che indicator mechanism is probably 
"hung up" due to friction or foreign matter іп the 
movement, 
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Figure 5-10. Outside Air Temperature Indicator 


An excessively high reading indicates that the resist- 
ance bulb or its leads are сис off from che indicator, 
thus causing extremely high resistance in the coil 
connected to that circuit. On the other hand, if the 
pointer is forced off che low side of the scale, you 
probably will find that the leads or bulb are not pro- 
viding enough resistance due to a short circuit. To 
test che outside air temperature indicator you should 
have either a thermometer tester or a decade resistance 
box. Complete instructions for testing all types of re- 
sistance thermometers are provided with this equip- 
ment, 


OXYGEN PRESSURE AND 
FLOW INDICATOR. 


The oxygen pressure and flow indicator in the F-102A 
is an integral part of the automatic positive pressure 
diluter demand oxygen regulator (oxygen pressure 
regulator, for short). This regulator constitutes the 
entire oxygen control panel on the left-hand console. 
Іп addition to the indicator, the regulator also includes 
a supply lever, emergency lever, and diluter lever, as 
shown in figure 5-13. Тһе other тајог components 
of the F-102A oxygen system are the supply cylinder 
mounted in che forward end of the right-hand arma- 
ment bay, che filler equipment in the nose wheel 
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well, and the pilot's mask. We will confine this dis- 
cussion to some background information on che need 
for an oxygen system and to the actual operation of 
the oxygen pressure and flow indicator. А complete 
explanation of the oxygen system is included in an- 
other training manual in this series. 


PURPOSE OF OXYGEN EQUIPMENT, 


Earlier in this chapter we discussed the reason for 
cockpit pressurization at high altitudes. You will re- 
call chat the cockpit pressure, during normal opera- 
tion, is kept -higher (a lower pressure altitude level) 
Шап ambient pressure. For example, che chart in fig- 
ure 5-2 shows that when the airplane is flying аг 40,000 
feet, cockpit pressure is maintained ас the 17,000 foot 
pressure level. However, that doesn't solve all the 
problems of pilot comfort and safery. Even ac 17,000 
feet the atmosphere is too tare for sustained breath- 
ing. Thus, milicary airplanes have carried oxygen 
equipment since long before cockpits were pressurized. 


There is considerable variation in oxygen requirements 
of different persons and of any one person at different 
times, Generally it is considered bad practice to fly 
at altitudes above 10,000 feet without oxygen equip- 
ment. With a cockpit pressure altitude of 20,000 feer, 
the average individual will lose consciousness in about 
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Figure 5-11. Operational Schematic Ratiometer Instrument 


30 minutes unless he has oxygen equipment. Even 
when he is conscious, oxygen "starvation" will make 
him tired, confused, and. forgetful. Insufficient oxygen 
also causes poor night vision, so oxygen breathing ар- 
paratus is required at night for even lower altitudes 
than during daylighe hours. 


We've established that oxygen equipment is necessary, 
but іс isn't quite so clear why che pilot needs a pres- 
sure and flow indicator. Іг would seem as though ће 
should know when he isn't getting sufficient oxygen. 
Frequently, chis is noc che case; oxygen starvation can 
occur entirely unnoticed. To avoid this danger, the 
piloc must know when his supply becomes inadequate. 
He must also know if something causes the flow of 
oxygen to his face mask to be interrupted. This is 
particularly important if the pressurization system 
fails while he is flying ас high altitudes where, with- 
out a functioning oxygen system, he could lose con- 
sciousness in a matter of seconds. Thus, che oxygen 
pressure and flow indicator is a very important part 
of the oxygen system in the Е-1024. 


OPERATION OF THE OXYGEN PRESSURE 
| AND FLOW INDICATOR. 


The oxygen pressure and flow indicator illustration, 
| (figure 5-14), shows thé oxygen system pressure over 


а range of 0 го 2000 pounds. The word FULL appears 
at che 1800 pound position—this is the normal pre- 
charge pressure of the F-102A oxygen system, The 
slots in che lower half of the instrument dial are the 
flow "blinkers." Whenever there is flow to the face 
mask chese slots alternately are black and white. 
Operation of these flow blinkers and the single pointer 
on the instrument are independent of any external 
adjustment. 


Моге that the measuring element of the pressure gage 
is а Bourdon-tube. You will recall that we discussed 
Bourdon-tube instruments quite thoroughly іп Chap- 
ter 1, and to а lesser extent іп some subsequent chap- 
ters. Since this one is no different than the others 
which you learned about, we won't go into further 
detail about it. Let's concentrate on the flow indicat- 
ing part of che instrument. 


Тһе flow indication of che oxygen pressure and flow 
indicator results from the oscillation of a blinker 
plate. This plate mounts directly behind the instru- 
ment dial and pivots аг its center. Alcernate whire and 
black segments on the lower part of the plate cause 
the blinking effect (through the slots in the dial) 
whenever the plare is rotated back and forth. To un- 
derstand just what causes that oscillating movement 
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Figure 5-12. Temperature Sensing Bulb 


we have to delve into the operation of che entire oxy- 
gen pressure regulator, 


Referring again to figure 5-14, note that oxygen is ad- 
mitted through an inlet valve and pressure reducer to 
the demand valve. This demand valve régulates the 
amount of oxygen made available to the piloc's mask. 
Another mechanism is responsible for opening and 
closing che demand valve ас the proper time and at 
the proper amount. This mechanism, the aneroid as- 
sembly, is a system of sealed, spring-loaded bellows 
which expand and contract with changes of pressure 
on its outer surface. À semi-flexible diaphragm sepa- 
rates the aneroid assembly from the rest of the regu- 
lator case. 


The same principles are involved in the operation 
of the oxygen regulator aneroid assembly that you 
learned about in the discussion of aneroid instruments 
їп Chapter I. In other words, as the altitude of the 
airplane increases, che bellows assembly expands be- 
Cause air pressure on its outer surface decreases, In 
зо doing, the demand valve is open sufficiently to 
bring in oxygen under pressure. When the oxygen 
pressure wichin the regulator reaches a certain level, 
the demand valve closes. However, each time rhe pilor 
inhales, the suction causes the diaphragm ro move 
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inward and. the valve opens sufficiently to supply his 
demand. How far the valve opens, of course, depends 
on the pressure of the air in the cockpit. 


Now we can return to the flow indicating mechanism. 
As you can see in the schematic (figure 5-13) when 
the pilot inhales, pressure is reduced in the regulator 
case perinitting the bellows to open the demand valve. 
Pressurizéd oxygen released through the port of the 
demand valve then enters the aft chamber of the 
demand valve case and flows to both the pilot's mask 
and the flow indicator diaphragm. When the pressure 
reaches the flow indicator diaphragm, you can see 
that it forces che diaphragm forward. The lever at- 
tached to the diaphragm then rotates. Since the lever 
also connects to the blinker plate, the rocation of the 
lever causes a rotation of the plate. Thus, during in- 
halation, the blinker plate moves so that the white 
portion of the plate appears behind the openings in 
the dial. This tells the pilot «һас he is receiving 
oxygen. қ 


When che pilot stops inhaling, pressure which had 
formerly gone to the mask, is now shut off and builds 
up in the regulator case. The trapped pressure then 
pushes against the diaphragm at the aft of the regu- 
lator, causing the demand valve со close. You can see 
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Figure 5-13. Oxygen Pressure Regulator 
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Figure 5-14. Oxygen Pressure and Flow indicator Operational Schematic 


that closing of the demand valve will cause the 
flow indicator diaphragm to move back to che aft 
portion of the indicator case. The movement of the 
diaphragm will move the lever and results in the 
corresponding movement of the plate. The black por- 
tion of the plate now appears behind the dial open- 
ings, informing the pilot chat ће is not receiving 
oxygen. In other words, the blinker plate flicks back 
and forth with each breath of che pilot. 


MAINTENANCE OF OXYGEN PRESSURE 
AND FLOW INDICATOR. 


_ We mentioned earlier in our discussion that the oxy- 


gen pressure and flow indicator is an integral part 
of the oxygen pressure regulator. As such, it cannot 
be removed from the airplane separately. If any prob- 
lem develops with the instrument you must replace 


the entire regulator. However, the instrument is sim- 
ple enough that it seldom gives апу trouble—most 
problems which occur in the oxygen system can be 
traced either to other parts of the regulator ог to leaks. 


If you have го replace the oxygen regulator for any 
reason, there are certain precautions which you must 
observe. The most important of these is to keep oil 
and grease away from the oxygen system components. 
Whenever a petroleum-base material comes іп contact 
with oxygen under pressure, there is danger of fire 
and explosion. Another ching to remember is that 
all open lines should be capped. Any foreign matter, 
including moisture, can foul up the regulator or lines, 
thus making іс necessary for you to purge the entire 
system. To be on the safe side, it is always а good 
idea го consult your F-102A Maintenance Manual, 
Т.О. 1Е-102А-2-9, before making the replacement. 
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Like any other complex airplane, the F-102A has тапу 
| warning systems. As che term implies, these systems 
jare used to advise the pilot of dangerous ог рокеп- 
tially dangerous conditions. They are, therefore, vital 
to the safety and efficiency of borh the pilot and the 
airplane. 


Current models of the Е-102А series airplanes have 
22 warning lights, all of which operate from the 28- 
volt d-c power source. Of these, 17 are part of the 
master warning system. The other five are for sepa- 
rate systems but have common dimming provisions. 
АП but one of the warning lights (the landing gear 
light) contain a double socket with two lamps con- 
nected in parallel so that if one burns out the other 
will continue to give an indication. They are all listed 
in the table of contents of this chapter so there is no 
need to itemize them here. 


Keep in mind that we are only concerned with che 
actual warning systems here. We will discuss the sys- 
tems which they monitor only where necessary to 
understand the purpose and operation of the warning 
systems. For more complete coverage of the total 
systems, (such as fuel system, hydraulic sysrem, elec- 
trical system and the like) refer to other training 
supplements in this series. 


MASTER WARNING SYSTEM. 


The master warning system is a combination of army 
warning circuits, which, for the sake of convenience 
the terminated at a common warning indicator panel. 
As you can see from figure 6-1, this panel consists of 
16 individual slots or compartments. Each slor has an 


amber colored plastic grid which is lettered to in- 
dicate the system or equipment which it monitors. 
Warning lights are installed behind each slot to il- 
luminate the appropriate lettering when an abnormal 
condition occurs. The warning indicator panel is 
mounted on the right-hand auxiliary instrument panel, 


The other light in the master warning system is the 
master warning light, Yt is a rectangular amber plastic 
light located on the main instrument panel directly 
above the engine instruments, as shown in figure 6-1. 
The master warning light illuminates whenever any 
of the individual lights on the warning indicator panel 
light up. Because of its location and brilliance, the 
pilot's attention is immediately attracted. He then 
checks his warning indicator panel to see which in- 
dividual system is malfunctioning. By momentarily 
placing the warning fest and reset switch in the 
RESET position, the pilot extinguishes and rearms 
the master warning light. 


If any other individual warning light on the warn- 
ing indicator panel illuminates, the master warning 
light again illuminates and the pilot repeats the pro- 
cedure. Placing the master warning test and reset 
switch in the RESET position does sot extinguish 
the lights on the warning indication panel—they re- 
main lighted until che malfunctions of the particular 
systems are corrected. For more detail of the com- 
plete system and a block diagram, refer to the Elec- 
trical Systems Supplement. 


All circuits in the master warning system tie into 
the master warming box, mounted on the right-hand 
side of che airplane just above the cockpit floor and 
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Figure 6-1. Master Warning Indicator Panel 


forward of the instrument panel. Dimming relays 
and resistors in this box provide dimming control of 
the master warning system lights whenever the flight 
instrument lights are on and the thunderstorm lights 
are off. When the dimming relays are energized, cur- 
rent must flow through the resistors to get to the 
warning lights. 


These relays are energized by 28-volt d-c power 
through the flight instrument rheostat in the ON' 
position in series with the chunderstorm light switch 
in the OFF position. Thus, the brightness of the warn- 
ing lights is controlled according to light conditions 
іп the cockpit, Relays in the master warning box аге 
also responsible for the master warning light coming 
on when any of the circuits to the warning indicator 
panel is completed. Now let's consider che various 
warning circuits which are part of the master warn- 
ing system. We will discuss them in the order in 
which they appear on the panel. 


STRUCTURE OVERHEAT WARNING SYSTEM. 


The structure overheat warning light is the first light 
on the warning indicator panel and is used only on 
early model F-102A airplanes. This light is part of 
a system which notifies the F-102A pilot of excessive 
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heat conditions in the fuselage structure at station 
614.00- «Не area just ahead of the tail cone fairings. 


Тһе detecting device for the structural overheat sys- 
tem is а mercury-operated, temperature-sensing switch 
that is attached directly to the fuselage structure. Only 
«Вас portion of the switch which touches the fuselage 
structure is sensitive to temperature changes, so it is 
limited to sensing just the structural temperatures. 
'The switch is pre-set to actuate whenever the struc- 
tural temperature rises above 245? F. 


Both the master warning light and the structure over- 
heat warning light come on when the temperature 
sensing switch is accuated. These lights indicate to 
the pilot that power should be reduced until the tem- 
perature decreases. ТЕ they come on during a ground 
runup, you should shut спе engine down immediately 
and investigate the cause. 


Figure 6-2 shows a simple electrical schematic of the 
structure overheat warning system. Nore that current 
is taken from the 28-volt d-c essential bus through а 
push-pull type circuit breaker. This circuit breaker 
is located оп the main wheel well circuit breaker panel 
and serves to protect the circuit from current over- 
loads. Following the current from the essential bus 
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Figure 6-2. Structural Overheat Warning System Schematic 


and che circuit breaker, you can see that it flows di- 
rectly го the overheat sensing switch. Actuating the 
switch provides a current path to the master warning 
box, and from there to the master warning light and 
the individual system warning light. 


А-С POWER FAILURE WARNING SYSTEM. 


Second in the row of warning indicator lights is che 
A-C POWER FAIL light. Obviously, this is the indi- 
cator for che a-c power failure warning system. 168 
purpose is co notify the F-102A pilot if che main a-c 
ipower source fails, enabling him to take the necessary 
corrective action or revert to emergency operation. 
A-C power is normally furnished by a 30 KVA, 
120/208-у0іс, 3-phase, 400-cycle generator. This gen- 
erator is driven by the Sundstrand constant speed 
drive unit and supplies L115-volt 400-cycle regulated 
power to the a-c essential and non-essential buses. А 
26-уоһ, 400-cycle bus is also energized, through a 
step-down transformer, from phase B of the essential 


ibus. 


Operation of rhe generator is controlled by the a-c 
igenerator switch and the a-c bus switch, both of which 
are on the electrical power control panel. When the 
airplane engine is first started, che a-c generator switch 


iis momentarily placed in RESET, and. then to ОМ, The 


a-c bus switch is placed on NORM, and, of course, 
the master switch is left on NORMAL. Now suppose 
that the А-С POWER FAIL light comes оп during a 
flight. First the ріїог will attempt to remedy che situ- 
ation by placing the a-c generator switch in the 
RESET position, and then back со ON. This operates 
the exciter to "flash" спе generator. If che warning 
light does not extinguish, che pilot will chen move 
the а-с bus switch from NORM to EMER. This puts 
the emergency generator inro operation. For more 
details and for a complete block diagram, refer to che 
Electrical Systems Supplement. 


'The a-c emergency generator is a 1 КУА, 120/208- 
volt, 3-phase, 400-cycle unir. It is located at the for- 
ward outboard side of che right main wheel well. 
A hydraulic motor powered by the secondary hydrau- 
lic system, is used to drive che generator. This motor 
is controlled by a solenoid operated hydraulic shut- 
off valve which receives power from the d-c essencial 
bus, Whenever the a-c bus switch is in the emer- 
gency position and the generator switch is ON, 4-с 
current energizes the valve solenoid. Operation of the 
emergency generator does мог cause the A-C POWER 
FAIL light to extinguish, Let's study rhe circuit sche- 
matic, (see figure 6-3), to see what does control this 
light. 
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Figure 6-3. A-C Power Failure Warning System Schematic 


During normal operation, both the essential and non- 
essential buses are energized. Under these conditions, 
current flows from the non-essential bus through the 
а-с power fail circuit breaker, and grounds through 
the a-c power fail relay. This relay is mounted in 
the cockpit, adjacent to the master warning box. Since 
the circuit is complete, the relay is energized and che 
relay switch is held open. The warning circuit is 
therefore not complete. See the Electrical Systems 
Supplement, for a complete diagram. 


Now, if the main a-c generator fails there is no power 
to the non-essential bus—remember, the emergency 
generator is only connected. to the essential bus, The 
а-с power fail relay is then deenergized, permitting 
the switch со move го the upper contact, Thus, the 
warning circuit is completed through the master warn- 
ing box and the lamps of the warning light. The 
light will come on, warning the pilot that he must 
switch over to the emergency generator. It will con4 
tinue to glow, reminding him of his undesirable pre- 
dicament. 


D-C POWER FAILURE WARNING SYSTEM. 


There are two sources of d-c power in the F-102A 
airplanes. One source is the 24-volt battery located 
in the nose wheel well; the other is the d-c generator 
mounted on the forward end of rhe Sundstrand drive 
unit gear box in che engine accessory compartment. 
(See Electrical Systems Supplement.) The battery pro- 
vides power to the d.c essentia! bus—through the 
battery relay—when the battery switch is in the ON 
position and the master switch is in the NORMAL 
position. Both of сћезе switches аге situated on the 
power control panel on the right-hand console, When 
the engine is operating, the d-c generator provides 
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regulated power to both the essential and non-essential 
buses if the master switch is in NORMAL and the 
generator switch—also on the power control panel— 


is ОМ. 


In the event of generator failure, all systems con- 
nected то the non-essential bus are withour power. 
Systems which draw power from the essential bus 
have power for a very limited time only, since the 
battery will soon discharge. You can readily under- 
stand why the pilot must be warned immediately of 
this condition. When D-C POWER FAILURE shows 
on the warning indicator panel during a flight, he 
must find a place to land as quickly as possible. 


Тһе d.c power failure warning system, like all the 
other warning systems, relies on the d-c power for 
its operation. This may sound strange, bur remember, 
all 4-с power is not likely to be lost at the same 
time. Іп figure 6-4, note that the warning system 
connects to both the essential and the non-essential 
buses. 


Тһе non-essential bus receives its power from the 
generator only, but the essential bus connects to both 
battery and generator. Thus, there is battery power 
available from the essential bus after che non-essential 
bus goes "dead." 


The warning system circuit is shown deenergized— 
that із, in the normal position. Power is available from 
the 4-с non-essential bus, so the d-c warning relay 
located just above the master warning box is ener- 
gized. This holds the relay switch in the open posi- 
tion and prevents current flow from the essential bus 
to the warning circuit. Should the generator fail, che 
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Figure 6-4. D-C Power Failure Warning System Schematic 


non-essential bus is wirhout power, so the d-c warn- 
ing relay deenergized. The swicch closes and che cur- 
rent flows from the essential bus through the master 
warning box and warning light to ground. The light 
will illuminate and continue to glow until generator 
power again reaches the non-essential bus, or until 
the battery power is exhausted. 


EMERGENCY FUEL CONTROL WARNING SYSTEM. 


The number four compartment on che warning in- 
dicacor panel reads EMER FUEL ON. This compart- 
‘ment houses a warning light that glows constantly 
while the fuel control switch is in the EMERGENCY 
position. When chis switch, located on the throttle 
‘quadrant, is in the NORMAL position the light should 
never be on. А brief review of che fuel control sys- 
tems will clarify the need for chis warning light. А 
'complete description of che fuel warning circuits and 
schematics сап be found in Chapter IV of the Fuel 
Systems Supplement. 


During normal operations, fuel is metered to the 
157 engine by an automatic fuel control. This device 
functions somewhat like a carburetor on an auto- 
mobile, but must do more things. When you start a 
car on a cold day, the automatic choke enriches the 
fuel-air mixture to suit the needs of the engine. But, 
if you drive to the top of a high mountain, the mix- 
ture becomes too rich and the engine "floods" easily. 
То correct that problem you have to make manual 
adjustments to the carburetor. The automatic fuel 
control оп a jet engine takes care of such problems 
jautomatically. Іс schedules fuel flow—for any given 
power lever setting—to avoid rich mixture "blow- 
out" during acceleration, lean mixture "die-out" dur- 
, ing deceleration, and to allow for varying conditions 
of altitude and of engine pressure and temperature. 


In the event ОЁ automatic fuel control failure, che 
F-102A pilot can switch over to the emergency fuel 
control system. Under these conditions, fuel sched- 
uling becomes a direct function of power lever move- 
ment, with fuel scheduling accomplished through an 
emergency throttling valve. Limited altitude compen- 
sation is achieved by this system, bur there аге по 
provisions for changing fuel flow during acceleration. 
deceleration, or for variations of temperature and 
burner pressure. Thus, the pilot musr observe engine 
RPM, tailpipe temperatures, and pressures very closely 
during emergency operation. The warning light keeps 
him reminded of that fact. 


Now refer to figure 6-5. Nore that the fuel control 
switch is in che NORMAL position. In this position, 
the automatic fuel system is in use and по current 
flows through the warning circuits. Suppose now that 
the pilot switches over to the EMERGENCY position. 
The circuit from che 28-volt d-c essential bus is com- 
pleted through the fuel control relay and fuel control 
switch to ground. Тһе relay energizes, closing соп- 
tacts Al and А2 of the relay. This provides а current 
path through terminals К and ) of the Pratt and 
Whitney relay box to the master warning box. The 
lamps are permanently grounded so the circuit is 
complere and the warning light glows. The lighr will 
remain on unless the fuel control switch is returned 
to the NORMAL position. 


ENGINE OIL PRESSURE LOW WARNING SYSTEM. 


The fifth item on the warning indicator panel is pla- 
carded OIL PRESS. This is the warning light for a 
system which notifies the pilot when his engine oil 
pressure is below safe operating limits. You have 
undoubtedly seen similar devices inscalled in some 
makes of automobiles. 
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Figure 6-5. Emergency Fuel Control Warning System Schematic 


The sensing element of the oil pressure low warning 
system is a simple pressure switch. Іс is mounted on 
the left side of the engine immediately aft of the oil 
tank. One fitting on the switch brings in oil pressure 
from the discharge side of the oil pump; another fit- 
ting is vented to | atmosphere. Thus, the switch senses 
differential pressure between pump pressure and oil 
system breather pressure. For a complete diagram of 
this system, refer го Power Plane Installation. 


Figure 6-6 shows a schematic diagram of the oil 
pressure low warning system, Моге that the circuit is 
shown deenergized. It will remain that way as long 
as there is sufficient oil pressure into the switch— 
over 36 psi, to be exact. When the oil pressure falls 
below that pressure, the switch closes and current 
flows chrough to the master warning box. From there, 
current flows through the lamps to ground. 
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If the differential pressure ac the oil pressure switch 
builds up to 40 psi, che switch contacts will open 
again. Thus, the warning system circuit will be de- 
energized and the lighe extinguished, 


PNEUMATIC PRESSURE LOW WARNING SYSTEM. 


The F-102A airplane uses air pressure from the high 
pressure pneumatic system for emergency landing gear 
exrension, drag chure deployment, canopy ejection 
and cinch-down, armament displacement, and a variety 
of other purposes. As you learned in our discussion 
of the pneumatic pressure gage, Chapter ЇМ, this 


. system is pre-charged on the grouüd to 3000 psi. 


Once the system pressure is depleted, there's no way 
to replenish the supply in flight. For that reason, а 
warning system cautions the pilot if pressure in the 
high pressure pneumatic system becomes dangerously 
low. This warning system terminates at the warning 
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Figure 6-6. Engine Oil Pressure Low Warning System Schematic 


indicator panel. Its light is placarded PNEU PRESS 
and is the sixth light on the panel, 


Іп addition го the warning light, che pneumatic pres- 
sure low warning system consists of a pressure switch 
located in the pressure manifold line and connecting 
circuitry. Figure 6-7 shows the system in schematic 
form. For a schematic of the complete high pressure 


pneumatic system, refer co High Pressure Pneumatic, 


System Supplement. The pneumatic pressure low 
warning lighe illuminates when the system pres- 
sure becomes insufficient for a combat cycle, A 
combat cycle consists of opening the armament bay 
doors, extending the armament racks, retracting the 
,tacks, and closing the doors. This cycle requires a 
‘pressure of about 1500 psi. Below chat point, the 
pressure switch closes, permitting current flow from 
the power source through the master warning box 


and lamps to ground. Тһе circuit is very simple and 
identical го others which we've already discussed, so 
there's no need for further comment on its operation. 


The pressure switch in this warning system will 
open when che system pressure again builds up to 
approximately 1700 psi. Therefore, che warning light 
will remain on—while power is available at the 28- 
volt d-c essential bus—until the air flasks ace refilled. 
If che pilot reports that the light goes on and off 
in flight, you should suspect malfunctioning of the 
pressure switch or the line leading to it. 


THE ANTI-ICE WARNING SYSTEM. 


Icing is a serious problem on jet airplanes, and is 
very difficult to contend with. To cope with che icing 
problem, the F-102A uses rhree methods of ісе pre- 
vention and removal: hot air, electricity, and fluid 
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Figure 6-7. Pneumatic Pressure Low Warning System Schematic 


(glycol). A number of different components and sys- 
tems require anti-icing. In four of che systems which 
would be most seriously affected by ice, anti-icing is 
normally accomplished automatically. These systems 
are the power plant, the inlet duct, the "Q"-intake, 
and the radome. Ап ice detector probe in the engine 
intake duct triggers the automatic system. In the 
event of some malfunction of the system, the pilot 
must be warned immediately so he can switch over 
to manual control Therefore, a warning system is 
incorporated in the automatic control system. This 
warning system does mot indicate that ice is forming 
ас any particular momenc—it merely shows that the 
automatic control system is not operating the way 
it should. The seventh light on the warning indicator 
panel illuminates when this warning system is en- 


ergized. It reads ANTI-ICE. 


Since the warning system is an integral part of the 
automatic control system we will have to discuss 
them together; otherwise you won't know much about 
either system. Figure 6-8 shows the major compo- 
nents of the system. These items are adequately identi- 
fied in the illustration. The detector derects the pres- 
ence of ice on its probe when holes in the probe 
become constricted, limiting the intake air pressure 
to a diaphragm assembly. The interpreter receives a 
signal from the detector and energizes the control 
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relay. The control relay actuates the anti-ice systems 
for as long as the interpreter keeps it energized. The 
ignition power relay affects the systems only during 
engine starting—we’ll discuss what it does a little 
later. 


Now let's "follow the electrons" through the sche- 
matic circuit (see figure 6-9). Keep in mind that 
all switches and relays in the diagram are shown in 
the погтаї--мо zce—condition, and with no mal- 
functions existing. 


All power for the ice detector and interpreter comes 
from the 28-volt d-c essential bus through the 10-атр 
anti-ice power circuit breaker. The current flows 
through contacts 2 and 3 of the ignition power relay 
and on to connections А1 and Bl. From there it 
flows through contacts À and B on the ice detector 
switch—in the по-ісе condition ——and out B2 to Аб. 
When there is no ice, therefore, both А1 and Аб are 
Connected to power. 


Now, notice that relay R1 is connected to Аб and is 
also grounded. Therefore, this relay is energized in 
the мо-ісе condition. When relay Кі is energized its 
switch is closed so there is another "hot" line across 
АТ and Аб. As you сап see, relays R3 and R are 
connected to B3 and contact C on the detector and 
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Figure 6-8. Anti-Ice Warning System Components 


are not energized in the мо-ісе condition. Since R2 
is energized only when R4 is energized it also is de- 
energized when there is no ice. 


Let's see what happens whedü the detector probe ices 


'up. First of all, the detector causes its switch to break 


contact with А and connects B to C. This opens one 
circuit berween А1 and Аб. But remember, Аб is 
still connected to A1 through che switch in relay КІ. 
Therefore, B3 is now "hot," since it connects to Аб 
through C, B, and B2. Relays R3 and К4 are now 
energized. Current flows from point N, through the 
R3 relay switch to B4 and the probe heater. Since 
relay R4 is energized, current flows through its switch 
to energize R2 and the heater at КІ. The R2 relay 
switch thus furnishes a ground—through connection 
AS—for the anti-ice control relay. When the control 
relay switches close, che four anti-ice systems are 
put into operation by current through the anti-ice 
control circuit breaker. 


Now we'll go back to the probe heater which we 
left in the energized condition. Don't confuse this 


'probe heater and the detector case heater. The case 


heater simply keeps the detector box warm enough 
for efficient operation. It doesn't affect the probe 
temperature. When the probe heater melts the ice 


from the probe, the detector switch moves back to 
the z0-ice position. Current is cut off from B3, relays 
R2, R3, and R4 de-energize, and the probe heater 
and Кі relay heater are therefore de-energized. Вис, 
notice that chere is a time delay mechanism at relay 
R2. This device keeps the R2 relay switch closed 
across contacts 2 and 3 for 60 seconds after the relay 
de-energizes. In so doing, anti-ice systems are kept 
operating long enough to do their jobs even if the 
heater de-ices the probe in just a few seconds. 


When the anti-ice detection and control system “5 
operating normally, che probe heater melts the ice 
at the probe and returns the switch to the по-ісе 
position within 17 to 20 seconds. If іс doesn't, the 
detector is malfunctioning. To prevent the probe 
from overheating and to de-energixe the relays dur- 
inig a malfunction is the job of the thermoswitch at 
relay R1. When the relay and probe heaters have 
been on about 17 to 20 seconds, the thermoswitch 
becomes hot enough to break the circuit at the КІ 
relay. The R1 relay switch opens, breaking the cir- 
cuit from А1 to Аб. Then there is no current to B2 
or across che detector switch to B3, so relays R2, R3, 
and ВА de-energize. This also removes current from 
the heaters. Sixty seconds later the R2 relay switch 
opens, the anti-ice control relay de-energizes, aad 
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Figure 6-9. Апії-ісе Warning System Schematic 


114 


о 


all power is shut off to the four anti-ice syscems. 
Thus, (һе effectiveness of the automatic contro! sys- 
tem is destroyed. 


INow we can concentrate on the warning system. АП 
‘power то Аб has been lost during the malfunction 
because current can't flow from АЇ through either 
the detector switch—it's in the ice position—or the 
ВІ relay from point M. Since Аб is "dead," the ice 
detector indicator relay is deenergized. Contact X2 
leaves X1 and moves to X3. This completes the cir- 
cuit from the anti-ice control circuit breaker through 
|the master warning box to the light, which is per- 
|manently grounded. The light illuminates, warning 
Ithe pilot that the automatic anti-ice system has failed. 
He will then place the anti-ice switch in the man- 
ual (MAN ОМ) position. 


You've learned why the warning light comes on when 
there is no power at Аб. You can see, then, that the 
light will glow if che anti-ice switch is in the AUTO 
jposition with power turned on and the engine is 
inot operating. When the engine is not operating, 
the pressure actuated detector switch is always in the 
ice position. R1 relay will not have been actuated, 
so power can not flow from M around to Аб. The 
warning light also illuminates when power is on 
and the anti-ice switch is OFF. When the engine is 
being started with the anti-ice switch in AUTO, or 
when the anti-ice switch is in MAN ON, the warn- 
ing light will always be off. During engine starting, 
[the ignition power relay energizes, pulling the num- 
ber 2 switch contact over to contact 1. Current then 
flows directly to Аб and is unaffected by the in- 
terpreter and detector. With the switch in MAN ON, 
current from the апсі-ісе control circuit breaker flows 
through the anti-ice switch to energize the ice detector 
indicator relay. In either of these cases, the ice de- 
tector relay switch contact X2 is held against ХІ so 
current cannot reach the master warning box. 


ENGINE FUEL PUMP FAILURE WARNING SYSTEM. 


The purpose of the engine fuel pump warning sys- 
tem is to advise the F-102A pilot when the main 
engine stage of the fuel pump is malfunctioning. This 
system terminates at the eighth slot or compartment of 
the warning indicator panel. Its warning light reads 
ENG FUEL PUMP when the light is illuminated. 


‘In addition to the indicator light, the engine fuel 


pump warning system includes a pressure switch. 
You will find this switch on the lower left side of 
the ой pump and accessory drive housing of the 
engine. А pressure sensing line connects the switch 
to the pressure side of the fuel pump engine stage. 


Figure 6-10 shows a schematic diagram of the engine 
fuel pump warning system. The circuit is shown de- 
energized. If the pressure from the pump drops below 


INSTRUMENTS 


105 psi, che pressure switch closes the circuit between 
terminals А and B. This allows current to flow 
through che master warning relay box. Both lamps 
of the warning light are permanently grounded so 
that the light glows. А pressure of approximately 125 
psi is required to open the pressure switch and ex- 
tinguish the light. For a diagram of (һе complete 
fuel system, refer to the Fuel System Supplement. 


Although not shown on this and some of our other 
schematics, you should remember that the master 
warning light is also tied into the master warning 
box. As stated earlier in Chapter V, the master warn- 
ing light circuit is energized when any of the circuits 
to the warning indicator panel are energized. It will 
remain energized until the reset switch is depressed or 
until all warning indicator panel circuits are deener- 
gized. Refer to the Electrical Systems Supplement 
for more details. 


FUEL QUANTITY LOW-LEVEL WARNING SYSTEM. 


The ninth and tenth items on the warning indicator 
pane! are fuel low-level warning lights. These lights, 
placarded: FUEL, LOW І, and FUEL LOW К are 
part of a system which warns the pilot when his 
fuel supply drops to approximately 88 gallons in 
either or both number 3 ranks. This is enough fuel 
for a few minutes of normal cruising and one go- 
around with afterburner. 


Each of the two circuits in the fuel low-level warn- 
ing system is energized through a float switch in the 
corresponding tank. In figure 6-11 you can see these 
switches and the other components of the system. Моге 
that the circuits for the left-hand and the right-hand 
warning lights are noc identical; for that reason we 
will discuss them separately. 


Current from the 28-volt d-c essential bus flows 
through a circuit breaker and directly со the RH 
fuel low switch. This switch, being the float type, is 
actuated by the changing fuel level in the No. 3 
RH tank. It closes when the fuel supply is reduced 
to 88 gallons or less, chus providing a path for the 
current to terminal K of the relay box. The current 
leaves the relay box at terminal K and travels to the 
warning light for the RH tank. Since the bulbs in 
the warning light are grounded, the circuit is com- 
plete and the light comes on. 


Now let's trace the circuit for the LH fuel low-level 
warning light. As you can see, the power source is 
the same as for the RH circuit. However, the cur- 
rent path to the LH fuel low switch is through the 
fuel low-level warning relay. Note that this switch 
is grounded instead of being connected to the master 
warning relay box. When the fuel supply in the No. 3 
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Figure 6-10. Engine Fuel Pump Warning System Schematic 
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LH tank drops (о 88 gallons, the circuit is com- 
pleted to ground and the low-level relay is ener- 
gized. Current can then flow through the relay switch 
to terminal M on the master warning relay box. The 
current leaves the box at terminal M and flows to 
the LH warning light which is also grounded. Thus, 
the LH fuel low-level warning light comes оп, Once 
the fuel low-level warning lights come on, they will 
remain on until the airplane is refueled. Refueling 
the tanks raises the float on the switches to the open 
position shown, thus extinguishing the warning lights. 


FUEL TANK PRESSURE LOW WARNING SYSTEM. 


'The next two lights on the warning indicator panel 
(items 11 and 12) are placarded FUEL TANK PRES 
L and FUEL TANK PRES R. Their purpose is 
to warn the piloc when for any reason, the Мо. 1 fuel 
tank pressure drops below 0.5 psi above the ambient 
air pressure. This pressure—bled from the engine com- 
pressors—is needed to transfer fuel from the num- 
ber 1 and 2 tanks to the number 3 tanks, from where 
it is pumped to the engine. А$ you would expect, 
the sensing devices for these warning subsystems 
are pressure switches. One of the switches is located 
outboard of each main whee! well area, forward of 
the number 1 tanks, Pressure sensing lines connect 
the switches to their respective tanks, and the switches 
are also vented to atmosphere. Thus, they operate 
on differential pressure, пог absolute pressure. Тһе 
pressure sensing switches and the rest of the fuel 
tank pressure warning circuitry are shown schematic- 
ally in figure 6-12. For details of the complete fuel 
system electrical schematics, refer to the Fuel System 
Supplement, Chapter IV. 


"There is no difference between the LH and RH fuel 
tank pressure warning circuits. As you can see in the 
illustration, both pressure switches receive current 
directly from the 28-volt, d-c system to their B term- 
inals, When tank pressure in either or both No. 1 
tanks drops to less than 0.5 psi above ambient pres- 
sure, their respective switches close and provide a 
circuit through the А terminals to terminals D and E 
of the master warning box. Current from the left- 
hand pressure switch enters at terminal D and leaves 
at terminal 4, Current from the right-hand switch 
enters at terminal E and leaves at terminal E. From 
these terminals, che current flows directly to che warn- 
ing lights. Since these lights are connected to ground, 
they should always be lit when the pressure switches 
are closed. If che rank pressure rises to 1.5 psi above 
ambient pressure, the switches will open again and 
break the circuits. 


Both of the бие! tank low-pressure warning circuits 
are shown energized in our schematic diagram. This 
does not mean that the two circuits are in any way 
tied together or that they will always be energized 
at the same time. They have the same power source, 
bur are otherwise independent. 


118 


FUEL TANK BOOSTER PUMP 
PRESSURE LOW WARNING SYSTEM. 


Just below the fuel tank pressure low warning lights 
on the warning indicator panel, you can see the 
LH and RH FUEL BOOST PRESS placards. These 
signs, when illuminated, warn the pilot that the fuel 
pressure from the booster pumps which feed fuel 
to the engine is abnormally low. When the pressure 
differential between ambient air and either pump 
outlet line falls below 10.5 psi, the corresponding 
warning light will glow. The light will extinguish 
if the differential pressure again builds up to 12 psi 
or more. 


Тһе booster pumps are located in the left and right 
number 3 fuel ranks. Pressure lines run from these 
pumps to pressure switches similar to those used in 
the fuel rank pressurization warning system. You 
will find these switches in the main wheel wells in 
the wings and just forward of the number 3 tanks. 
For details of the complete wiring schematic of chis 
system, refer to the Fuel System Supplement. 


Now refer to (һе schematic of figure 6-13, which shows 
the circuits of the fuel booster pump pressure low 
warning system. Note that this system is very similar 
to the tank pressure low warning system. The im- 
portant difference, of course, is in the operating 
range of the switches. Also note that these circuits 
connect to different terminals of the master warning 
box. Other than that the circuits are identical so 
we will noc go into further detail on this one. 


WINDSHIELD AIR OVERHEAT WARNING SYSTEM. 


Visibility through the windshield of any airplane is 
greatly reduced during rain conditions. Ас the high 
speeds attained by modern jets, the rain problem 
becomes particularly serious. Ordinary windshield 
wipers are not suitable under these conditions, so the 
F-102A uses hot air rain clearing. Engine bleed air 
is piped directly from the N2 compressor to an open- 
ing below the left windshield. By use of a switch on 
the utility switch panel the pilot can open a valve 
in the line, chus permitting the hot air to flow over 
the left windshield and form a barrier which pre- 
vents the rain from striking the windshield. At the 
point of discharge, this air is approximately 4509 Е, 


This method of rain clearing presents some prob- 
lems. There is always the possibility of damage to 
the windshield from too much heat. This windshield 
is of the sandwich type construction with a layer of 
plastic between two layers of glass. The glass can 
stand considerable heat, but the plastic саппос То 
prevent damage to the windshield, the pilot must 
know when it is getting too hor, Then Һе can shut 
off the газа clearing air until the windshield cools. 
The next to the last light оп che warning indicator 
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Figure 6-12. Fuel Tank Low Pressure Warning System Schematic 
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Figure 6-13. Fuel ТалК Booster Low Pressure Warning System Schematic 
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Figure 6-14. Windshield Air Overheat Warning System Schematic 


panel placarded WINDSHIELD OVHT, tells him 


‘when an overheat condition exists. 


The windshield air overheat warning system consists 
of a thermistor, a bridge amplifier, and the usual 
warning light circuit. The thermistor is a resistance 


' bulb which is sensitive only at its tip. It is mounted 


at the forward apex of the left windshield and can 
be removed from inside the cockpit. The bridge 
amplifier (sometimes called the thermistor indicator) 
is a small unit utilizing transistors instead of vacuum 
tubes. An adjusting screw is provided for temperature 
calibration. Aside from this adjustment, no changes 
or repairs are permitted on this unit. The amplifier, 
thermistor, and other components of the warning sys- 
tem are shown in figure 6-14. 


Temperature sensing in the windshield air overheat 
warning system is accomplished by the thermistor. 
The tip of che thermistor is spring-loaded to main- 
tain a good contact with the windshield glass. Whereas 


" most temperature bulbs increase their resistance when 


temperature increases, this one does just the opposite. 


, When the windshield temperature rises, the ther- 


mistor resistance drops. For that reason it is sometimes 


, called a negative temperature bulb. 


Аз you can see from figure 6-14, «һе only source of 
power to this warning system is the airplane's 28-volt 
d-c essential bus. Current flows through the circuit 
breaker to contact C of the amplifier. The amplifier 
reduces the voltage to about 5-volts in the thermistor 
circuir. Since the resistance of the bulb decreases when 
temperature increases, the current flow through the 
thermistor circuit increases. This acts to unbalance 
the bridge circuit in the amplifier, thus producing 
an electrical signal proportional to the temperature 
of the bulb. Afrer amplification, the signal goes to a 
relay. When the current flow becomes great enough 
—due to low resistance of the thermistor bulb—the 
relay actuates, letting current flow through terminal 
E to the master warning box and the master warning 
light. The light will illuminate and remain on until 
the windshield temperature decreases below a predeter- 
mined level. 


The windshield temperature ас which the windshield 
air overheat warning light comes on is about 200° F. 
However, this figure may be subject to change in the 
future. You should always consult the latest applicable 
maintenance technical order for calibration data. 


ELECTRONIC COOLING WARNING SYSTEM. 


A considerable amount of heat is generated by the 
airplane’s electronic equipment during its operation. 
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For that reason, cooling is provided for the forward, 
intermediate, and aft electronic compartments in the 
F-102A. When the airplane is flying, ram air furnishes 
a simple and reliable means of cooling. However, on 
the ground, methods of cooling are needed and it 
is here that the warning system is employed. The 
bottom light on the warning indicator panel informs 
the pilot of any malfunctioning in this cooling sys- 
тет, Several components are involved in the ground 
cooling of the electronic compartments, We will dis- 
cuss them briefly from the standpoint of their rela- 
tion to the warning system. А more comprehensive 
explanation of the entire cooling system is given in 
Chapter IV of the Low-Pressure Pneumatic System 
Supplement. 


Тһе most important of these components is the pneu- 
matically operated jet pump. It consists of 6 nozzles 
which are connected through a solenoid shut-off valve 
to the engine bleed air supply line. 'These nozzles point 
forward and out of the left boundary-layer ram air 
intake. When the jer pump valve is open, hot bleed 
air leaves (Пе nozzles in a high velociry "jet". This 
creates a suction in the distribution ducting resulting 
in a reverse flow of air through the ducting. Cooling 
air flows from outside che airplane, through the elec- 
tronic compartment, and out the boundary-layer ram 
air ducts—just the opposite from the air flow during 
in-flight cooling, when the jet pump valve is closed. 


Тһе other components which we must consider in un- 
derstanding the electronic equipment cooling warning 
System serve as control for the jet ритр valve. Actu- 
ally, we are more concerned with these controls than 
with the jer pump itself. They are che MLG (main 
landing gear) safety switch, the cabin air relay, the 
aft throttle position switch, and the structure overheat 
detection system (this system is not related to rhe 
structure overheat warning system around the power 
planc section). These items are called out in the sche- 
matic illustration of figure 6-15. 


The MLG safety switch. is on the left main landing 
gear and is actuated when, the weight of the airplane 
compresses the strut on the ground. 


The cabin air relay is in the intermediate electronic 
compartment and is energized when the MLG safety 
switch closes. Operation of the aft throttle position 
switch results from movement of the power control 
(throttle) lever—the switch is open whenever che 
power lever is forward of the idle position. The struc- 
ture overheat detection system contains a sensing 
probe, a relay, and a detector. A switch in the detector 
closes and energizes the relay whenever the tempera- 
ture around the jet pump gets too high. 


Referring again to figure 6-15, nore that all rhe 
switches and relays are shown in the position they are 
in when the airplane is on the ground with the power 
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contro! lever at IDLE and the jet pump shutoff valve 
open. The structure overheat relay is shown deener- 
gized, indicating that the structure around the jet 
pump is below che maximum allowable temperature. 
Now let's trace the current flow to che jet pump 
shutoff valve, keeping in mind chat the valve is open 
when its solenoid is energized and closed when it is 
deenergized. 


Note that power comes from the 28-volt 4-с essential 
bus to contact 4 on the cabin air relay. From there, 
current flows through the switch to contact 3, and 
then to connection B on che throttle position swiceh. 
With thé throttle at IDLE, current flows through the 
switch то connection C, then through point X to con- 
tact 10 on the cabin air relay, From contact 10 the 
current goes through the switch co contact 9 and on со 
contact 4 on the overheat relay. It continues through 
the switch to contact 5 and on to connection А on the 
shutoff valve solenoid, You can see that the current has 
passed four switches—through two switches on the 
cabin air relay, one in the overhear relay and one in 
the throttle position switch. All of these switches must 
be in the position shown for the current to reach the 
solenoid. The ground saféty switch must be actuated, 
therefore the airplane must be on the ground. Тһе 
power control lever (throttle) must be ас IDLE and 
the оуегһеаг relay must not be energized. 


To summarize the control system of the jet pump 
shutoff valve then, remember that the solenoid is 
energized when the airplane is оп the ground, the 
power control lever is at IDLE, and the structure near 
the nozzles is not too hot. The solenoid should be 
deenergized when the airplane leaves the ground, 
when the power control lever is advanced beyond 
IDLE or when the structure overheats. 


Now we are ready to discuss the electronic equipment 
cooling warning system. As mentioned before, this 
system includes a warning light on che warning indi- 
cator panel thar tells che pilot of malfunctions which 
he cannot observe directly. The three basic conditions 
which can cause this light to glow are: shutoff valve 
closed when airplane is on the ground and che power 
lever is ас IDLE; shutoff valve open when the air- 
plane is on the ground and the power lever is ad- 
vanced past IDLE; and shutoff valve open when the 
overheat relay is energized. Naturally, there ace other 
defects that can occur in the system—such as short 
circuits, faulty switches, and the like, which can cause 
trouble. Whatever the cause, the electronic cooling 
warning light will illuminate in addition to the master 
warning light whenever current flows to the master 
warning relay box. 


As you can see from figure 6-15, current flow to che 
master warning box is controlled by che position 
switch in che shutoff valve. This switch is always in 
either che орем or the closed position. ІР it is in a 
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Figure 6-15. Electronic Cooling Warning System Schematic 
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particular position at the wrong time, current is fed 
into the warning box and the lights come on. To 
understand how this cakes place let's study what hap- 
pens when we have the first of the basic conditions 
listed above. When the airplane is on the ground and 
the power control lever is at IDLE, the shutoff valve 
should be open. If it is closed, the position switch 
will also be closed and current will pass to the warning 
relay box from contacts 9 and 10 on rhe cabin air relay 
and point Y as shown on the schematic. The lights, 
being connected to ground, will then illuminate. If 
we have the second basic defect, that is—the valve is 
open, the airplane is on the ground, and the power 
lever is forward of the IDLE position—the position 
switch will be at the ope» position. Power then reaches 
the warning lights through contacts 4 and 3 of the 
cabin air relay and connection B and A on the throttle 
posicion switch, If we have the third defect—the valve 
open when the overheat relay is actuated—the current 
reaches the warning lights through the shutoff valve 
position switch—at the open position, contacts 4 and 3 
of the cabin air relay, connections B and C of the 
throttle switch, point X, contacts 10 and 9 on the cabin 
air relay, and contacts 4 and 3 of the overheat relay. 


MISCELLANEOUS WARNING SYSTEMS. 


In addition to the warning systems discussed so far, 
there are five warning lights which are separate from 
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Figure 6-16. Miscellaneous Warning Light Locations 


the master warning system. They are the canopy un- 
lock warning light (7), fire-overheat warning light 
(3), hydraulic pressure fail warning light (5), landing 
gear warning light (2), and the rakeoff trim indicator 
light (8). Figure 6-16 shows the location of these 
warning lights in the cockpit. All but one of them 
are large rectangular-shaped lights just like the master 
warning light; that one exception is the landing gear 
warning light which is mounted in the plastic knob 
of the landing gear contro! lever, You can tell from 
the titles what systems are monitored by rhe various 
warning lights. 


As stated in the introduction to this chapter, all of the 
individual warning lights have common dimming pro- 
visions. They are connected to a dimming relay panel 
in the master warning relay box, and are dimmed for 
the same reasons that che master warning syscem lights 
are dimmed. When the instrument panel lights are on, 
these warning lights will illuminate dimly if they 
come on, When the instrument panel lights are off, 
(as in daylight operations), or when the thunderstorm 
lights are on, the warning lights glow brightly. Like 
the master warning system, all these warning systems 
receive power from the airplane 28-volt d-c essential 
bus and all lights except the landing gear warning 
light, contain two lamps. 
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Figure 6-17. Canopy Unlock Warning System Schematic 


CANOPY UNLOCK WARNING SYSTEM. 


The F-102A cockpit canopy must be locked securely 
before takeoff to prevent its being torn off in flight, 
and to permit sealing of the canopy for cockpit pres- 
surization. Canopy locking is accomplished by two 
latch hooks which engage rollers in rhe lower forward 
corners of the canopy. These hooks are actuated by a 
"T'"-shaped push-pull handle on the right auxiliary 
instrument panel. In the event that either latching 
mechanism does not engage its roller, a switch on that 
latch will energize the warning circuit. The warning 
light for this circuit is located directly above «ће can- 
ору push-pull contro! handle. 


In figure 6-17 you see a schematic diagram of the can- 
opy unlock warning system. Note that the canopy 
lock limit switch contacts are closed when the canopy 
is not locked. In this position current from the 28-volt 
d-c essential bus is provided a path to ground. The 
current flows through a circuit breaker and then 
through either the dimming resistor or the master 


· warning box. If the flight instrument lights are on, 


the current must pass through the resistor. If none of 
the instrument lights are оп or if the bright thunder- 


' storm lights are on, then a relay switch in the master 


warning box is deenergized, permitting the current to 
by-pass the resistor: (see Electrical System Supplement, 


page 5-10). We discussed the reason for this arrange- 
ment at the beginning of this chapter. Regardless of 
the path taken by the current, it next flows through 
the warning light before grounding at the switches. 
Since both switches are grounded, the light will illu- 
minate if either one of them is closed and 4-с power 
is turned on. 


The canopy lock limit switches are actuated by bolts 
protruding from the latching mechanism. If the warn- 
ing light will not extinguish when the canopy is in the 
locked position, check that both of these bolts are 
adjusted properly to actuate their respective switches. 
If both switches are being actuated properly, you can 
check them out individually by disconnecting one at a 
time (either from the circuit or from ground) and 
actuating the other one. Be sure that the disconnected 
lead or switch is not permitted to ground our or the 
test will not be valid. 


FIRE AND OVERHEAT WARNING SYSTEM. 


Two different subsystems make up the fire and over- 
heat warning system. One subsystem notifies the pilot 
of a fire condition in the engine compartmenr, while 
the other subsystem warns him when an overheat con- 
dition exists in this compartment. А single warning 
large light located on the main instrument panel to 
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the left of che master warning light gives both warn- 
ing indications. By routing the electrical signal from 
the overheat circuit through a flasher, the warning 
light will flash o» aud off whenever an engine over- 
heat condition exists. Should a fire exist in the engine 
сотрагстелг, che warning light will come on and 
burn steadily. Don’t confuse the engine overheat 
warning system with the structural overhear warning 
system that we discussed earlier in this chapter; they 
are not connected in any way. 


Both the overheat and fire warning systems use detector 
loops. These detector loops—the temperature sensing 
elements of the system—are actually a type of coaxial 
cable with electrical connections on each end. The 
cables consist of an inner electrical conductor, which is 
separated from an outer sheath of corrosion resistant 
alloy by а thermiscor-type heat sensitive compound. 
The electrical resistance of this heat sensitive com- 
pound varies inversely to the temperature. Under 
normal operating conditions che compound acts as à 
good insulator; when a bot spo? develops anywhere 
along the detector cable, the resistance of the сот- 
pound drops and allows current to flow from the inner 
conductor to the outer sheath, This completes the cir- 
cuit to ground and the warning light comes on. 


The components of the fire and overheat warning 
systems are shown in figure 6-18. In the upper portion 
of the illustration note that the structural overheat 
loop and the fire detector loop are situated іп different 
sections of the engine compartment. The detector 
relays, overheat flasher, sind detector control boxes are 
located in the upper electronics Compartment. 


Operation of the System. 


To get а good idea of how the fire and overheat warn- 
ing system operates, lets trace the current flow as 
shown in figure 6-18. Current for this warning system, 
like all other warning systems, is taken from the 
28-vole d-c essential bus. Ec passes through che circuit 
breaker to the ewo detector control boxes and on to 
the junction point of the two. relays. Note thac che two 
lamps in the warning light must receive cheir current 
from either of the detector control boxes before the 
warning light will illuminate; however, the control 
boxes cannot send current to the warning light until 
che warning light circuit grounded at some point. 
This occurs when one or beth of che detector loops аге 
subjecced to a "Рог" condiuon (ас lowers the internal 
resistance of the separating compound. Whenever one 
of the cables grounds out, the respective detector con- 
trol box circuit is completed and current flows to the 
lighe. If the overhear loop grounds, the current is first 
routed through the flasher unit and then to che warn- 
ing light. This causes the warning light to flash on and 
off. Since the fire detector circuic does пог have a 
flasher unit, a fire condition causes the warning light 
to burn steadily. The fire and overheat detector loops 
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are easily damaged, and the usual result of loop dam- 
age is a warning indication when either a fire or an 
overheat condition exists. This is because the loop is 
likely го ground out in the damaged area. If this 
occurs, you will have со replace the loop segment that 
is faulty. 


Fire and Overheat Test Switch. 


A test switch on the main instrument panel is to ener- 
gize the two warning circuits for test purposes. This 
switch, mounted just to the right of the fire and over- 
heat warning light, has three positions. Іс is spring- 
loaded co the center, or off, position. By placing the 
switch in either the upper (fire) position or the lower 
(overheat) position, the pilot can check the function- 
ing of these circuits without heating the detector loops. 
Аз you can see in the diagram, the switch merely pro- 
vides a ground for the circuits. 


HYDRAULIC PRESSURE FAIL WARNING SYSTEM. 


A warning system is included in the hydraulic system 
to warn the pilot of critically low hydraulic pressure. 
If the hydraulic pressure in either the primary or sec- 
ondary system drops to 800 psi or lower, a light on the 
instrumenr panel flashes a warning to the pilot. He 
then checks his pressure gage to determine which 
system is malfunctioning. ТЕ both systems go out, the 
light glows steadily. Therefore, this warning system 
monitors both hydraulic systems at the same time. The 
warning light extinguishes when the pressure again 
increases (о abour 1000 psi, or the pilot resets che 
warning light. 


The warning system utilizes two hydraulic pressure 
switches, a flasher unit. a test and reset switch, and a 
warning light. The hydraulic warning system is more 
fully discussed in Chapter I of the Hydraulic System 
Supplement. 


The pressure switches, which are located іп che hy- 
draulic accessory compartment, complete the circuit 
from the two hydraulic systems to the instrument panel 
warning lights. The схо switches are hydraulically 
actuated and work in conjunction with each other co 
illuminate che warning light when low pressure causes 
them to close che electrical circuit to the light. Each 
hydraulic pressure switch has contacts that, when 
closed, complete а 28-volr, 4-с electrical circuit to the 
hydraulic pressure warning light. The contacts in 
either switch close whenever the pressure in thac sys- 
tem drops to 800 psi. No attempt should be made to 
disassemble or adjust these pressure switches since they 
are factory sealed. and adjusted. However. if cither 
switch malfunctions and gives false indication, you 
should replace che entire switch. When the portable 
hydraulic tese stand is used during ground checkout 
operations, you сап check the warning light system to 
see that it operates properly. 
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Figure 6-18. Fire апа Overheat Warning System Schematic 
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Figure 6-19 shows the complete low pressure warning 
circuit for both primary and secondary hydraulic sys- 
tems. Note the two hydraulic pressure switches, one 
for the primary system and one for the secondary 
system. Both switches complete the warning circuit to 
illuminate the warning light. Now let's see how this 
warning system functions. 


Both pressure switches are shown actuated. This is che 
condition they would be in if the pressure in both 
hydraulic systems were 800 psi or less. Note the spring 
in each switch. These springs are compressed by system 
pressure which holds the electrical contacts open when 
system pressure is above 800 psi. However, the spring 
tension is sufficient to overcome hydraulic pressure of 
800 psi or less and actuate the internal switches to the 
closed position. 


First let's see how the warning system functions when 
the pressure in one system is low and the pressure in 
the other is satisfactory. 


Assume that the primary system is below 800 psi and 
the secondary system is аг 3000 psi. In this case the 
primary pressure switch would be as shown and the 
two switches D and А in the secondary pressure 
switch would be ас terminals F and C respectively 
instead. of the position in which they are shown. 
Power from the 28-volt d-c bus enters the primary 
pressure switch at terminal А, leaves at terminal B and 
goes to terminal B at the flasher unit. This same power 
goes to terminal A on the secondary switch; but since 
this switch is open at terminal C as we assumed above, 
the circuit is incomplete. From the flasher unit the 
circuit is completed through the resistor to the light 
causing it to.flash on and off. Аг the resistor you will 
note that rhe circuit is connected to che Master Warn- 
ing System— we will discuss this phase later. 


With che flashing of (һе warning light, еһе pilot 
checks his hydraulic pressure gage to determine which 
system is low. Then, so he won't have the flashing 
light distract his attention, he presses the test and reset 
switch to RESET. This completes a circuit from the 
28-volt d-c bus to the relay in фе lower left corner of 
the schematic and energizes it, moving the contact to 
the other post. Since the relay is a holding-type relay, 
this breaks the circuit to the flasher unic—the lights 
go off. and the circuit through the pressure switch now 
energizes the relay even after the pilot releases the 
test and reset switch. The lights will пог illuminate 
again until a low pressure indication is received from 
the secondary system. You will also notice that power 
entered the primary pressure switch at terminal D and 
went through terminal E to terminal D in the second- 
ary pressure switch; bur since this switch was open, 
power does not leave the switch. 


Now let's assume that pressure in both systems is below 
800 psi as shown in the schematic. The circuit through 
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the primary pressure switch will pass through termi- 
nals D and E in the secondary switch. This power from 
terminal E will bypass the flasher unit and the circuit 
will be complete direct to the lights causing it to illu- 
minate in a steady condition. 


Referring back to figure 6-19, you should recognize 
the purpose of the resistor between the flasher unit 
and warning light. Remember that the resistor is by- 
passed under cerrain conditions where it is desirable 
to have bright illumination of the warning light. 


The TEST position on the test-and-reser switch pro- 
vides you a means of checking the system to determine 
that the lights and flasher unit are satisfactory. Placing 
the switch in TEST causes (һе lights to flash on 
and off. 


LANDING GEAR WARNING SYSTEM. 


In rhe preceding chapter you learned how the landing 
gear position indicating system tells the pilot the posi- 
tion of his landing gear. The landing gear warning 
system supplements this information. It warns him 
whenever the gear is пог in the position which he has 
selected or whenever the gear is in an unsafe position 
for his condition of flight. The warning light for chis 
system is in the plastic handle of the landing gear con- 
trol lever. 1f the light illuminates, the pilot immedi- 
ately sees it and checks his position indicators ro deter- 
mine which of the individual gears is not in the 
selected position. 


Most of the landing gear warning system components 
аге also used in the position indicating system and are 
therefore familiar to you. However, as you can see 
from figure 6-20, there is some additional equipment 
involved here. You may recall the airspeed and altitude 
switches from our discussion of the рісог-згагіс system 
in Chapter I. These switches are located in the upper 
electronics compartment. Тһе airspeed switch connects 
to the pitor cube and is vented со static air in the com- 
partment. This switch contains a common airspeed 
diaphragm which permits a set of switch contacts to 
close whenever the airspeed is 250 knots or less. The 
alcitude switch, also vented to static air іп the com- 
partment, contains an aneroid diaphragm. Below 10,- 
000 feet, che altitude switch contacts are closed. Above 
that altitude, expansion of the diaphragm holds the 
contacts apart. АП other switches іп this warning 
system are mechanically actuated. 


One more switch that we haven't mentioned before is 
the landing gear warning switch on the power control 
lever (throttle) quadrant. The contacts of this switch 
are closed whenever the power lever is aft of the 
ТАКЕОЕЕ position. 
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Figure 6-19. Hydraulic Low Pressure Warning System Schematic 
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Figure 6-20. Landing Gear Warning System Component Locations 


System Operation. 


Now let's refer to figure 6-21. Note that all of the 
switches are shown in the positions they assume when 
not actuated. The arrows show what happens when 
each of the switches are actuated, 


This discussion would be extremely lengthy if we 
covered every possible malfunction that would give a 
warning indication. Instead, we will trace the circuit 
as it functions in the normal wp-and-locked апа down- 
and-locked conditions, and then induce a couple of 
typical malfunctions. You will then be able to. figure 
out other malfunctions in addition to those that we 
discuss here. 


As we discuss the warning system operation, keep in 
mind two facts: any one (ог more) of the landing gear 
position. switches will cause the warning light to illu- 
minate if not in the proper position relative to the 
control lever. The airspeed, altitude, and throttle 
quadrant landing gear switches will cause the light to 
illuminate only if all three of them are closed at the 
same time—if any one of these three switches is open, 
the light will not come ón. Suppose an F-102A is 
waiting at tlie end of the runway, ready for takeoff. 
Assuming that the power control lever (throttle) is at 
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IDLE and everything is normal, the switches will be 
positioned as noted below: 


LANDING GEAR DOWN-AND-LOCKED, 
CONTROL LEVER DOWN 


Switch Position 
NW Door Cylinder Closed 
NLG Lock Open 
NLG Position Down Open 
MLG Forward Door Closed Closed 
MLG Aft Door Closed Closed 
MLG Up-And-Locked Closed 
MLG Down-and-Locked Open 
Throttle LG Warning Closed 
Airspeed Closed 

_ Altitude Closed 


Current leaves the 28-volt d-c essential bus through 
the landing gear position circuit breaker, and through 
points J, Z, and Y. Since the gear is down and locked, 
all of the MLG switches are closed, except for the 
down-and-locked switches. Current cannot reach points 
X апа W, but it does flow through the closed switches 
to V, U, and M. From. М, current cannot flow through 
the control lever switch, but could flow around 
through K, L, and O. Since the landing gear (LG) 
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Landing Gear Warning System Schematic 


Figure 6-21. 
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warning light test switch, the NLG lock switch, and 
the NLG position down switches аге all open, no cur- 
rent can reach the warning light. It would be possible 
for current to flow directly from the bus to points K, 
L, M, and О, Биг the flow would be stopped by the 
зате open switches. 


Now let's assume that our F-102A received takeoff 
clearance. The pilot applied takeoff power and is just 
airborne. He moves the landing gear (LG) control 
lever to che UP position and the gear is now up-and- 
locked with no malfunctions indicated. The positions 
of the various warning system switches will be as 
shown below: 


LANDING GEAR UP-AND-LOCKED, 
CONTROL LEVER UP 


Switch Position 
NWW Door Cylinder Open 
NLG Lock | Ореп 
МІС Position Down Closed 
MLG Forward Door Closed Open 
MLG Aft Door Closed Open 
MLG Up-And-Locked Open 
MLG Down-And-Locked Closed 
ТЬгопіс LG Warning Open 
Airspeed Closed 
Altitude Closed 


Starting again at the 28-volt d-c bus, let's trace the 
current. flow through the MLG part of the system. 
The forward and aft МІС door closed switches and 
the MLG up-and-locked switches are now open. How- 
ever, the MLG down-and-locked switches are closed. 
Current сап flow through both of these switches to 
points X and У, The altitude and airspeed switches 
are closed, but the landing gear (LG) warning switch 
on the throttle quadrant (connected іп series with 
them) is open because the power lever (throttle) is іп 
the TAKEOFF position. Thus, current cannot flow on 
from there. However, there is a circuit from W to 
point М and: through che NLG position down switch 
to point O. But, since both the МІС lock switch and 
the lower contact of the LG control lever switch are 
open, current can цо no further. Going in the other 
direction from the power source we find that current 
can flow through points K, L, and O bur is stopped by 
the open NLG lock switch and the LG warning light 
test Switch. Therefore, none of the circuits are com- 
plete through the warning light со the common 
ground. 


Тһе most obvious malfunction that could cause the 
landing gear warning light to come on is when the 
МІС fails to lock in either the vp or down position. 
This provides a direct current path through points К 
and L, on through the closed contacts of the lock 
switch, and through either the dimming resistor ог 
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relay to the warning light. In the illustration, che dim- 
ming relay switch is. shown closed, so the current will 
bypass the resistor. 


Let's take a case where the pilot moves the LG con- 
trol lever to DOWN, and che right main landing gear 
fails to lack down. Normally, all MLG switches should 
be in the closed position, except the down-and-locked 
switches. Current would have a path through these 
closed switches to point М and around through К, 
L, and O. At this point it would be stopped by the 
open NLG lock and the NLG position down switches. 
But there is one thing wrong, Boch МІС down-and- 
locked switches should be open, but the right hand 
switch is still closed. This provides a path from point 
Y to point X. From there, the current flows to М 
through the lower contact of the LG control lever 
switch то P, and on through the dimming circuit to 
the warning light. 


Perhaps we should briefly examine the one way in 
which the landing gear warning light illuminates 
without any malfunction existing, That can occur 
when the airplane “lets down" below 10,000 feet ага 
speed of 250 knots or less with the power control 
lever in any position aft of the TAKEOFF setting. 
If the landing gear is not down, current flows through 
the closed MLG down-and-locked switches to points 
X and ХУ, From there it flows through the closed alti- 
tude, airspeed, and throttle quadrant switches to the 
dimming and warning light end of the circuit and to 
ground. The pilot notices the warning light and 
lowers the landing gear, thus avoiding an inadvertent 
"wheels up" landing. 


Landing Gear Warning Light Test Switch. 


The landing gear warning light rest switch is locaced 
immediately outhoard of the landing gear control 
lever. Its name explains its purpose and you can easily 
see how іс operates in the warning system schematic 
(figure 6-21). Current from the 28-volt d-c essential 
bus is always availahle at one of the switch contacts 
through points К and L. When the button-type rest 
switch is depressed, the circuit is completed through 
the warning light to ground. The warning light can be 
tested. іп this manner with the gear either up-and- 
locked or down-and-locked. 


TAKEOFF TRIM INDICATOR LIGHT. 


Тһе F-102A does пог employ trim tabs; instead trim- 
ming the airplane is accomplished by trim actuators 
which deflect the regular control surfaces. In flight. 
the pilot uses a switch on the control stick to energize 
the aileron and elevator trip actuators and a switch 
on the utility switch panel to energize the rudder trim 
actuator. The pilot can tell by the airplane's "feel" and 
by his instruments when the trim is satisfactory for «Бе 
desired flight condition. On the ground, he has no 


way of knowing how much trim is ser into his control 
surfaces. He cannot tell if his rudder and elevons are 
completely neutral when the stick and rudder pedals 
hre neutralized; and, for example, if he were to begin 
his flight wich nose down trim and left rudder trim, 
the airplane would have very undesirable takeoff char- 
acteristics. To climinate that danger, this airplane has 
an automatic trim system. By pressing a button on the 
utility switch panel che rudder and aileron controls 
are automatically neutralized to the O position, while 
the elevator control is moved to the 5 up position. 
The takeoff trim indicator light comes on when the 
control surfaces arrive at these positions. In effect chen, 
this lighe gives its warning by мо? illuminating. If it 
doesn't come on when the pilot presses the takeoff crim 
button, something is wrong with the trim system. 
Keep in mind chat when speaking of ailerons and 
elevators we actually mean the aileron and elevator 
function. of «ће elevons. As you know, the F-102A 
employs elevon surfaces for aileron and elevator con- 
trol accion, 


Now refer to figure 6-22. Note that this system receives 
power from the 28-volt d-c essential bus through the 
nose wheel steering circuit breaker. In addition, che 
current is routed through the nose landing gear posi- 
tion up switch. This up switch is closed only when the 
nose landing gear is extended thus causing the takeoff 
trim system to he inoperative during normal flighr. 


When the takeoff trim push-button switch is depressed, 
current flows to point D at the aileron trim actuator. 
Tf the trim actuator shaft is retracted rather than at the 
neutral position, the conract arm from D will contact 
pin Н. Current chen flows through Н and А со епег- 
gize the “extend” winding of the actuator motor. The 
actuator shaft moves until a cam breaks the circuit 
between D and Н. positioning contact arm D 
terminal J. Ac this time, the actuator shaft is ac the 
neutral position, From J, current flows through the 
“retract” contacts Е and б. and оп to the elevator 
trim actuator, 


gainst 


If, instead of being іп the retracted position. the 
aileron crim actuator shaft is in the extend posicion. 
contact É will meet F, and the opposite. winding of 
the motor is energized. In this case, contact D is at J 
so the "extend" winding is not energized. In either 
case—whether the crim actuator shaft is extended ог 
retracted—the appropriate winding is energized until 
the shaft reaches the neutral position, 


"The process that we traced in the aileron trim actuator 
is repeated in the elevator trim actuator except for опе 
difference—the automatic trim switches are set co open 
at 57 мр elevator. After the elevons are properly posi- 
‘tioned at 5^ up élevator, the circuit is complered to 
ле rudder crim actuator. The centering operation 
again rakes place and the current flows on to the trim 
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indicator light circuit. When the dimming relay con- 
tacts, 3 and 5 are together, the warning light glows 
brightly. When this dimming relay is energized. the 
current must pass through che resistor which dims 
the lighe. You will remember the reason for this dim- 
ming arrangement from our discussion of the Master 
Warning System earlier in this chapter. 


Thus, the takeoff crim indicator light shows that the 
proper events have taken place in the automatic takeoff 
trim system. The pilot is assured that che. airplane's 
contro! surfaces are pre-set to provide the most satis- 
factory trim conditions for takeoff. 


MAINTENANCE OF THE 
WARNING SYSTEMS. 


The warning systems іп an airplane must be reliable. 
They are installed for the express purpose of monitor- 
ing other systems and equipment which are likely со 
be less reliable. The pilot depends on those warning 
systems to be accurate. If ch 
they should. or if they give him false warnings, Ве 
would be better off without them. The problem. then 
is to keep the warning systems completely reliable. 


don't warn him when 


Тһе malfunctions that can occur in any of the warning 
systems are easy to classify. The warning lights may 
come on when they shouldn't, fail to come on when 
they should, or blink erratically when they should he 
either on or off. Lets discuss some of the factors that 
could be involved in these malfunctions. 


Suppose that а warning light does not illuminate when 
it should. Two simple investigations will probably 
reveal che reason. One is to check the circuit breakers: 
the other is to check the lamps in the particular light. 
Circuit breaker panels in the F-102A are located along 
the sides of the cockpit. in che nose wheel well, main 
wheel well, and in the air conditioning compartment. 
If a circuit breaker will not remain in when power is 
on the system, you should make п continuity check for 
а short circuit. However, it is possible for a surge of 
power to burn out both lamps in а warning light unit 
without "popping" the circuit breaker. It’s easy to 
check these lamps—just pull the light cap out from the 
panel the same way you would pull out an ordinary 
electrical plug. When you remove a light from the 
warning indicaror panel the lamps come wich и, The 
large light caps come our separately, exposing the 
lighe units. Don't worry about getting them mixed 
up; each one will only fic in its proper place. In 
addition, the light compartments on the warning indi- 
cator panel are all numbered. 


If the lamp and circuit breaker check doesn't locate the 
cause of your trouble, chere is obviously no current 
flowing through the system, Either the circuit is not 
getting power or it isn't grounded. The most probable 
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Figure 6-22. Takeoff Trim Indicator Light System Schematic 


cause is a faulty switching unit in che system. Regard- 
less of the kind of switch—whether a pressure switch, 
snap Switch, or other type—it should be replaced 
rather than repaired. 


In the event that a warning light illuminates when it 


; shouldn't, it’s obvious chat something is causing the 
circuit to be energized at the wrong time. Most likely 


the switching device is faulty and will have to be 
replaced. 


Erratic blinking of a warning light, (not to be con- 


‚ fused with the steady blinking of the hydraulic pres- 


sure low warning light or fire-overheat warning light, 
which have flasher units), is caused by interruptions in 
the current flow. This usually calls for a careful соп- 
tinuity check to determine if there are any loose con- 
nections in the circuit. If che light blinks when it 
should be off, the system may be shorted. 


À discussion of maintenance or trouble shooting of 
the warning systems would not be complete wichout 
considering the master warning box. Since this box is а 
common mating point for all the systems, it can cause 
trouble in all systems. You should suspect that it is che 
source of trouble if more than one light on the warn- 
ing indicator panel malfunctions at the same time. The 
separate warning systems only tie into the warning 
box for brightness control. Therefore, a malfunction 
of the box will not cause complete failure of these 


‚ systems. In any event, all malfunctions involving the 


master warning box should be checked out according 
to your Е-102А electrical maintenance manual. 


НИ МІ 


INSTRUMENTS 


SUMMARY. 


If you have read this training manual carefully and 
"digested" it thoroughly, you have acquired a good 
background in the fundamental principles of aircraft 
instruments. "This background should help you to 
trouble shoot and maintain aircraft instruments and 
the systems with which they are involved. In addition, 
you are now particularly well grounded in the in- 
struments used on the F-102A airplanes, Remember, 
though, that we have discussed the instrumentation 
which is used in these airplanes at chis time. Some of 
these instruments may change in the future, and so 
will the F-102A airplanes. This fact should not be 
surprising to you if you have been in the service for 
very long. Your "jet age" Air Force is and must 
always be dynamic and changing. Today's most mod- 
ern equipment may be totally obsolete tomorrow; 
however, the more you know about your present 
equipment the easier it will be to understand future 
developments. 


Although this training manual will not always reflect 
the latest configuration of the F-102A, or of its acces- 
sories, remember that your technical orders will reflect 
them. They are revised periodically and can be relied 
upon for up-to-date information, but tech orders are 
necessarily very brief and short on reasons wby an 
instrument operates the way it does. For that reason, 
you will occasionally want to refresh your memory on 
the purpose and the basic principles of operation of 
certain instruments. Herein lies the value of this 
training manual, Use it as a supplement to—not a 
substitute for—your technical orders. 
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Foreword ae 


The F-102A Training Supplements have been pre- 
pared by Convair, A Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems, 
There are ten of these supplements, each covering an 
airplane operating system or major component, The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

_Instruments 


Each supplement describes an operating system ог 
major component, how and why it operates, and main- 
tenance problems that you may encounter. The entire 
major system is further simplified by describing each 
of its subsystems separately. Thus, when you under- 
stand how ail of the subsystems operate, you will be 
familiar with the functions of the major system. This 
knowledge of the airplane systems will enable you to use 
other operational, service, and maintenance instructions. 


Since the purpose of these publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances are not given, Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly a certain operation or condition, 
You must refer to your 1Е-102А-2-10 and -2-13 Tech- 
nical Orders and other pertinent handbooks for specific 
values when adjusting or checking a system and its 
components, These Technical Orders are revised peri- 
odically to include the latest maintenance procedures 
and data оп the equipment installed in the F-102A, 


Тһе F-102A Maintenance Technical Orders consist of the following handbooks: 


Т.О. 1Е-102А-2-1 

Т.О. IF-102A-2-2 
Т.О. 1Ғ-102А-2-3 
T.O. 1F-102A-2-4 
Т.О. 1Е-102А-2-5 
T.O. 1F-102A-2-6 
T.O. 1F-102A-2-7 
Т.О. 1Е-102А-2-8 
Т.О. 1Е-102А-2-9 
Т.О. 1Е-102А-2-10 
Т.О. 1Е-102А-2-11 
T.O. 1Е-102А-2-12 
Т.О. 1Е-102А-2-13 


General Airplane 


Power Plant 


Landing Gear 


Instruments 


Fuel Supply System 


Electrical Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 
Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-lcing Systems 
Flight Control Systems 


Radio-Communication and Navigation Systems 
Armament and Armament Electronics 
Wiring Data (Ғ-102А) 


Т.О. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible. The Air Force, like а manu- 
facturer of an automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The printed instructions you will use most fre- 
quently in maintaining the F-102A are the dash-2 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance information. The 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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ELECTRICAL SYSTEM 


Vutroductiou 


This supplement consists of five chapters which cover the F-102A Electrical System. 
Chapters I and II discuss the sources of electrical power and how electrical power 
is distributed and controlled. Chapter III describes the D-C Power System and its 
components; Chapter IV describes (һе A-C Power System and its components. 
Chapter V presents the aircraft lighting systems and a circuit analysis of the 
airplane operating systems. А summary concludes this supplement. 
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Foreword pum. 


The F-102A Training Supplements have been pre- 
pared by Convair, A Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems. 
Тһеге аге ten of these supplements, each covering an 
airplane operating system or major component, The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 
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Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

Instruments 


Each supplement describes an operating system or 
major component, how and why it operates, and main- 
tenance problems that you may encounter, The entire 
major system is further simplified by describing each 
of its subsystems. separately. Thus, when you undér- 
stand how all of the subsystems operate, you will be 
familiar with the functions of the major system. This 
knowledge of the airplane systems will enable you to use 
other operational, service, and maintenance instructions. 


Since tbe purpose of these publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, апа toler- 
ances are not given, Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly a certain operation or condition, 
You must refer to your 1Е-102А-2-10 and -2-13 Tech- 
nical Orders and other pertinent handbooks for specific 
values when adjusting or checking a system and its 
components, These Technical Orders are revised регі- 
odically to include the latest maintenance procedures 
and data on the equipment installed in the F-102A. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


T.O. 1F-102A-2-1 
Т.О. 1Е-102А-2-2 
T.O. 1F-102A-2-3 
T.O. 1Е-102А-2-4 
Т.О. 1F-102A-2-5 
T.O. 1F-102A-2-6 
T.O. 1F-102A-2-7 
Т.О. 1F-102A-2-8 
T.O. 1F-102A-2-9 
Т.О. 1F-102A-2-10 
T.O. 1F-102A-2-11 
T.O. ТЕ-102А-2-12 
T.O. 1Е-102А-2-13 


Power Plant 


Landing Gear 


Instruments 


General Airplane 


Fuel Supply System 


Electrical Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-Icing Systems 
Flight Control Systems 


Radio-Communication and Navigation Systems 
Armament and Armament Electronics 
Wiring Data (Ғ-102А) 


T.O. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible, The Air Force, like a manu- 
facturer of an automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The printed instructions you will use most fre- 
quently in maintaining the Е-102А are the dash-2 


Technical Orders listed above, They are available for 
your reference at the Maintenance Office on your base, 
You must refer to them frequently so that you will 
always have the latest maintenance information. The 
"Training Supplements will help you to use these 
Technical Orders Бу answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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ELECTRICAL SYSTEM 


Chapter 1! 


SOURCES OF ELECTRICAL POWER 


More often than not most of us are too prone to 
- confuse knowledge with familiarity. We develop this 
Q false sense of knowledge because of everyday asso- 
ciation, because we can with pride identify and even 
classify this gadget or that. But when asked, "What 
does it do?" or "Why does it do it?" we find our- 
selves at a loss for a satisfactory answer. In like manner, 
in the maintenance of electrical systems and their com- 
ponents we often know what should be done but the 
HOW TO and WHY TO is not always clear. 


Contents Page 
Electrical Knowledge .......................................... 1 
| Electrical Systems of the F-102A ................................ 1 
р “М D.C Power System с2а ная 3 
| і Three Branches of Electricity ................................... 4 
і ч Electtomotive Богсе: sia us cies аа x ehe 8 
Enter the Electronic Era ....................................... 9 
Production of Electromotive Force by Chemical Action ............ 11 
Production of Electromotive Force by Electromagnetic Induction ... 17 
Summary: «гэ л саллаа Эд terre eerte vA NAT VAM Eel xpi 36 
Q In this day of complex weapon systems and high speed, EXACT KNOWLEDGE IS ESSENTIAL. 
high altitude aircraft, our concern is not so much with И А а НИЕ 
what an electrical component is, but what it does. This m С и New оос or papi d new 
was also the primary concern of the electrical engineer MUR нанне чү Бү РОЗ. ys сес, 4 Жо 
who developed the components and the circuits that ерю 0. accus (пиз Сонату хич hine of EE 
control them. It should be yours, You are responsible against all air attacks, Radar warning nets will detect, 
for the proper function and maintenance of all elec- and M Шинэ Ын intercept ane desno p hostile 
trical equipment and systems installed in the F-102A хэн 5 is че А Е Aie: E OXON na sus 
interceptor. On your electrical knowledge depends the b а : pun рано be i 8 а Я єт : 
successful completion of a mission and the safety of кин ов апу пассат must 95 п A OnE Ane STAREN] 
the pilot and the airplane itself readiness if it is to perform its mission with maximum 
5 efficiency. If you are to maintain and support this all 
important task, exact knowledge of the electrical power 
і ELECTRICAL KNOWLEDGE. š systems installed їп the F-102A is essential. This manual 
| Without knowledge there is little progress. It took will give you everything that you need to know of the 
| knowledge to construct the atom bomb. It took knowl- F-102A electrical systems and their components, and 
| edge to build the Е-102А. It took knowledge to why they do what they do. 
conceive a magnetic amplifier which automatically 
) governs alternator output. By the same token, it takes ELECTRICAL SYSTEMS OF THE F-102A. 
knowledge to govern the individual's output. 


We all know that cold facts are about as interesting 
as а corpse; we know also that when we find out the 
living nature of the particular corpse our disinterest 
is usually displaced by interest. The living nature of 
an object is the facts that make that object live. The 
electrical systems іп the Е-102А are what bring this 
present object of our attention to life. 


The F-102A is an arsenal on wings. Underneath its 
sleek skin are the electrical nerves and muscles that 
control its operation. The F-102A has an electrical and 
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Figure 1-1. F-102A D-C and A-C Electrical Power Systems 
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electronic system comparable to ап intricate ІВМ 
machine. It has electrical wiring sufficient to wire 
15 modern houses, and this does not include its elec- 
tronic network. The cubic-foot displacement of its 
electrical, as well as its electronic equipment, would fill 
a good sized truck. Let's learn some additional facts. 


Further along in our text the d-c and a-c power systems 
will be discussed at length, so for the sake of familiar- 
ization and simplicity: the F-102A interceptor has а 
28-volt d-c power system and 115/200-volt, three-phase, 
400-cycle a-c power system coupled with a 26-volt, a-c, 
single-phase, regulated system. Both d-c and a-c system 
Benerators are driven by a Sunstrand constant-speed 
drive unit in the engine accessory compartment. The 
front end of this unit provides output for the d-c gen- 
erator which varies with the engine speed. A constant- 
speed output powers the a-c generator on the other end. 
Тһе drive unit is driven from a gear box mounted on 
the engine. The constant-speed drive assembly consists of 
the drive unit, gear box, and the a-c and d-c generators. 


D-C POWER SYSTEM. 


The 4-с power system is a conventional 28-volt 4-с 
single wire ground return system. If you will гесай, 
single wire ground return systems save considerable 
material and weight, only one wire being used to con- 
nect an electrical device to the power source. The cir- 
cuit is completed to the battery or generator through 
the metallic structure of the airplane. 


D-C Power Sources. 


There are three possible power sources for the d.c 
system. During in-flight operations all d-c power is 
supplied to the essential and non-essential buses by a 
30-volt, 200-ampere generator. To avoid confusion, let's 
pause for a minute to clear up a point which might 
throw some of you off base. The d-c electrical system in 
the airplane is a 28-volt system, and the power is 
Supplied by a 30-volt generator. This simply means that 
the maximum output capacity of the generator is 30 volts 
and has been adjusted to the systems requirements of 
28 volts at the time of installation. Апу further adjust- 
ments of the voltage regulator will depend upon the 
operating area of the airplane. We will cover this in a 
mote suitable place. 


The second source of d-c power is a 24-volt, 
24-ampere-hour battery. It furnishes power for emer- 
gency operations while in flight and can be used for 
limited ground operation. 


The third source is external ground power. For the 
convenience of ground handling, a main 4-с external 
power receptacle is located in the left main wheel well 
on the F-102A. Since operational tests may be made оп 
the landing реаг at times, another 4-с external power 
receptacle is installed in the aft electronics compartment. 


ELECTRICAL SYSTEM 


D-C Power Control. 


The generator-battery d-c power system is controlled by 
a master switch on the right-hand console next to 
the pilot. When external d-c power is being used, this 
switch is normally OFF—the external power being con- 
trolled from the 4-с ground support equipment cart. 


A-C POWER SYSTEM. 


In this system, the a-c generator provides 115/200-volt, 
three-phase power to essential and non-essential buses. 
Two step-down transformers regulate the 26-volt and 
the 115-volt supply during both emergency and normal 
operation. 


You will remember that all airplanes equipped with 
radio and radar equipment, electronic gages and regu- 
lators, and electrically controlled flight and remote 
control instrument systems must either convert 28-volt 
d-c electricity to higher voltages or manufacture a-c 
electrical energy to the correct voltage and frequency. 
For this reason airplanes boasting high performance, 
sonic speeds, and the latest equipment are equipped 
with two or more single or three-phase inverters, with 
dynamotors, or with alternators. 


While we are on this subject it might be well to refresh 
your memory on the functions of these components. 
You learned in electrical school that inverters and 
dynamotors are not considered sources and generators 
of -electricity. This is because they are driven by а 
primary source of power and merely convert electrical 
energy from a battery and generator system to a higher 
voltage—the dynamotor to 4-с, the inverter to a-c. Ап 
alternator, as the name implies, is simply a large a-c 
generator. It is mechanically driven direct from the 
engine through some extended linkage or flexible drive 
and is a prime source of a-c electricity. In the F-102A 
the alternator is driven by a Sunstrand constant-speed 
drive unit. In this manual we will refer to the alternator 
as an a-c generator. 


A-C Power Source. 


In the a-c system of the F-102A, the a-c generator for 
normal in-flight operation is a 30-kva, 120/208-volt, 
400-cycle, air-cooled generator. It provides 115/200-volt, 
three-phase power. À portion of this power is stepped 
down by a transformer to power the 26-volt, 
single-phase system. This 26-volt system is required by 
certain instruments, such as the primary and secondary 
hydraulic system pressure transmitters, the fuel flow 
indicator, and others. Another transformer ín the system 
steps down the voltage to 115 volts, for phases "B" 
and "C" of the three-phase power. You will be given 
a more detailed description of this wye-to-delta trans- 
former and its function within the system when we 
discuss the a-c system in Chapter IV. 


As in the d-c system, the a-c system in the F-102A has 
three possible sources of power. We have discussed 
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briefly the first of three—normal in-flight operation. 
The second source із а 1-kva, 120/208-volt, three-phase, 
400-cycle, air-cooled a-c generator for emergency use. 
This generator is driven by a hydraulic motor powered 
by the secondary hydraulic system. The third source of 
power is received from the a-c side of the external 
ground power cart, The a-c external power receptacle 
is located alongside the 4-с receptacle in the left-hand 
main wheel well. 


A-C Power Control. 


During both normal and emergency operation the a-c 
power systems are controlled by the a-c generator and 
а-с bus switches. These switches are оп the electrical 
control switch panel above the d-c power control 
switches and the master switch, This panel is situated 
on the right-hand console in the cockpit. The a-c bus 
switch selects the power source to be connected to the 
distribution buses, During normal in-flight conditions, 
this switch is in the NORM position and a-c power is 
supplied to all the a-c buses. When the a-c bus switch 
is in its EMERGENCY position, the hydraulically 
driven 1-kva a-c generator supplies power only to the 
essential a-c buses, 


MASTER SWITCH, 


In both the d-c and a-c systems power is normally dis- 
tribuced through the master switch to the essential and 
non-essential buses. But when it is necessary to select 
emergency power, the non-essentia! buses of both sys- 
tems are deenergized. The master switch is provided to 
deenergize all buses regardless of the position of any 
other switch. In Chapter ІП, you will learn that the 
master switch must be in the NORMAL position to 
energize any of the distribution buses in either system. 
When the master switch is OFF, all circuits in the 
airplane are deenergized, including all essential buses. 


This short resume of the cold facts regarding the elec- 
trical systems in the F-102A should give you a good 
idea as to what we will be talking about throughout 
this manual. The electrical power systems installed in 
the airplane are not too complicated and are easily 
understood when your knowledge of why а component 
does wbat it does is applied. At the beginning of this 
discussion we stated that familiarity is often confused 
with workable knowledge. This is a confusion to be 
found in all of us; and so that this false sense of knowl- 
edge may not interfere with our efficiency to do the 
job demanded of us, let's turn back to the building-block 
stages of electrical power systems; 


THREE BRANCHES OF ELECTRICITY. 


А cold plunge into the study of an electrical power 
system leaves too much unanswered, It's like setting off 
à blast without knowing how it was triggered or the 
end result. So, before taking the plunge into the 
building-block stage of electrical power systems in 
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general, it might be a good idea to refamiliarize our- 
selves with the classes of electricity. It might be a good 
thing, also, to remember that it is impossible to neglect 
any of the following branches of electricity ‘without 
harming your efficiency. Bearing this in mind, let's 
divide electricity into three branches: electrostatics, 
electrodynamics, and magnetism. When these have been 
discussed we will review their prime mover—electro- 
motive force. 


ELECTROSTATICS. 


Electrostatics is simply static electricity. Originally, static 
electricity was considered electricity at rest, but with 
the acceptance of the electron theory—even though 
static electricity may be temporarily stationary—it is 
far from inactive. Static electricity builds up mainly 
through friction and continues to accumulate because 
it has no particular place to go. When it builds to 
abnormal proportions and is attracted by a like accumu- 
lation, it becomes a serious hazard to any object that 
has the power to attract it. You may recall, from your 
study of basic electticity, that this power of attraction 
is characteristic of electrified objects and that all matter 
is electrical in nature. 


Those Free Electrons. 


The F-102A airplane that you maintain, the air it flies 
through, your body, the body of the pilot, and the 
airplane landing strip all constitute matter. In other 
words, matter is a body or substance having weight 
and occupying space. It is also anything that offers 
resistance to change in its condition of rest or motion. 
And when we have resistance to change we have fric- 
tion and a resulting build-up of free electrons—elec- 
tricity’s most important product. 


Those Two Opposite Kinds of Electricity. 


Sometimes an object accumulates a large number of 
these free eletrons and cannot get rid of them very 
easily either because it is not a conductor or, because 
even though it is a conductor there is no other object 
nearby to conduct this overabundant store of electrons. 
Such an object has a static negative charge of elec- 
tricity, You may remember from studying ionization 
that an atom structure that has lost one of its electrons 
is called а positive ion. In like manner, when an object 
loses ап abnormal number of electrons it has a static 
positive charge of electricity. You may remember also 
that when we speak of "positive charges" or "negative 
charges" we are talking about two opposite kinds of 
electricity, and the first hidebound law of electrostatics 
is: like charges repel each ather; unlike charges attract 
each other. So, when objects with a positive or negative 
charge of electricity come close to another object to 
which they can release electrons, or from which they 
can gather electrons, a spark is produced. As these 
electrons are attracted to one another, they jump from 
one object to the other. 
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Figure 1-2. F-102A Bonding and Grounding Devices 


For example, static electricity is generated when a person 
slides from or into the upholstered seat of an auto- 
mobile, especially on a hot, dry day. Let's say your wife 
has driven to the Айг Force base where you are sta- 
tioned, you reach over as you slide behind the wheel 
to kiss her, a spark passes between you—this, friend, 
is static electricity. If, however, either of you were 
touching the metal of the car, there would be no 
spark—the charge has flowed back into the frame of 
the automobile, Electrically speaking the positive and 
negative charges have intermingled in equal quantities 
and produced a neutral charge. 


Static Electricity and the Airplane. 


Static electricity, as you know, has been in the past 
and still is a serious problem with aircraft. Free elec- 
trons may accumulate on an airplane while it is in flight 
and a heavy static charge may remain on the airplane 
after it has landed. Most airplanes are provided with 
static dischargers which dump most of the static 
build-up back into the airstream. They are likewise 
equipped with ground wires—like a gasoline truck or 
а truck carrying high explosives—which drag the 
ground on touchdown, discharging the excess static 
electricity. 


Bonding. 


Another anti-static device is the method of bonding. 
In all probability you are familiar with bonding, but 
here again let's examine it in its relationship to static 
electricity. Did you know that bonding was provided 
as a means of equalizing the potential of the airplane 
with that of the earth on touchdown, and keeping them 
the same until scramble? You see, bonding is the pro- 
cess of connecting ай! of the component metallic parts 
of the airplane until they collectively form a gathered 
electrical mass. If any two parts do not touch each other 
metallically, a piece of bonding braid must be attached 
across them (as shown in the detail of figure 1-2), Any 
electrical mass has an electrical potential, The earth is 
at zero potential electrically, so when a bonded airplane 
lands the static ground wire equalizes the electrical 
potential of all the various components in the airplane 
making any part of it safe for such processes as refuel- 
ing and rearming. 


The F-10 2A, 


The F-102A is heavily bonded and is equipped with 
three static ground wires in the form of metal probes, 
much the same as those attached to an automobile for 
patking. The static ground wires on the F-102A are 
attached to the landing gear and make contact with the 
zero potential of the earth’s surface just before the 
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plane touches the landing strip. In the illustration 
figure 1-2, you can see the grounding probes. Without 
such necessary precautions, a static discharge of elec- 
tricity during refueling might result in a fatal explosion. 
So much for electrostatics. 


ELECTRODYNAMICS. 


Electrodynamics, or dynamic electricity, is the subject 
with which we are primarily concerned when studying 
the electrical circuits of the F-102A. But, dynamic elec- 
tricity and magnetism are so closely related that we can 
hardly understand one without an understanding of 
the other. When discussing electrostatics, we said that 
matter is а body or a substance which offers resistance 
to change. Well, when matter undergoes a change the 
result is energy, and energy as you know is the capacity 
for doing work. 


Energy and Work. 


Dynamic electricity cannot be fully understood unless 
we have knowledge of how the electrical nature of 
things is put to work. You will recall in electrical funda- 
mentals, or in physics in high school, that the work 
required to overcome resistance is usually wasted as 
heat; but that the work done, in giving a substance 
speed or in changing its position or condition, is stored 
up in the system as energy and may be recovered. 


Four Kinds of Energy. 


For the sake of review, energy may be classified into 
at least four kinds, according to the composition of 
matter: 


MATTER ENERGY 
Substance or боду...,.. Mechanical 
Molecule ............. Heat (Thermal) 
Atom ........ . . Chemical 
Electron .............. Electrical 


Mechanically speaking, energy may be either potential 
or kinetic, Potential energy is energy that a substance 
has due to position or condition, Kinetic energy is the 
energy a substance has due to its motion. The wound 
spring in a clock, a raised hammer, and a rock resting 
on a hillside all possess potentia! energy. It is only 
when the clock spring unwinds and drives the gears, 
the hammer falls and drives the nail, and the rock 
crashes down the hillside that the potential energy is 
transformed into kinetic energy. 


Briefly, let's say a dam is constructed in the state of 
Washington, Tennessee, or Arizona. It is filled by 
streams and springs. Once full and at rest, it is potential 
energy—a reservoir of energy. When released, the flow 
is kinetic energy. This also illustrates how one form об 
energy may be converted into another; the dam was 
filled through kinetic energy but once stored ir became 
potential energy. 
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ENERGY'S LAW. Ап important law to remember, 
when thinking in terms of energy, is that energy can 
neither be created (it's already there) пог destroyed— 
the total amount of energy in the Universe, regardless 
of its form, always remains constant. We simply con- 
vért one kind to another, or in some cases back to its 
original form. А good example of this would be in 
the steps taken to energize a dynamo, if driven by а 
steam engine. 


THAT BIN OF COAL. First, we must have a bin of 
coal—a bin of stored chemical energy. The moment we 
throw some of this coal into the steam engine's fire- 
box and ignite it, we have thermal or beat energy, 
which drives the engine and gives us mechanical energy. 
Mechanical energy drives the dynamo, converting it into 
electrical energy. If the direction of current derived 
from the dynamo flows through a resiscance coil, the 
electrical energy is reconverted into beat energy. 


'The time it took for each conversion to happen is 
called power. Energy is а commodity which can be 
bought and sold; power is simply the speed of the 
transaction. Іп the above process of buying one form 
of energy to sell to another, a certain amount of heat 
éscaped during the transaction into the surrounding 
atmosphere, but попе of the energy was actually 
destroyed. 


Electrical Energy. 


Unlike other forms of energy, electrical energy is 
actually a negligible natural resource. Not only does 
it have to be obtained largely by conversion from the 
other three forms, but also, it is of little use as such 
and must be reconverted before use. 


Now, why should this double conversion be employed 
more and more, year after year, instead of the direct 
application of electrical energy as found in nature? 
The answer to this is comparatively simple. For example, 
compare the qualities of electrical energy with a sound 
currency like our own monetary system; both are highly 
convertible, conveyable, and controllable. 


THOSE FREE ELECTRONS. Аз you know, a mole- 
cule is a combination of two or more atoms, But per- 
haps what is not so clear is that the elements in the 
make-up of the structures of those atoms are joined 
together by the interaction of their free electrons as 
they move about the nucleus—a solar system іп minia- 
ture. These electrons are the smallest particles of nega- 
tively charged electricity known to science. The fields 
of force made by them is the basic idea behind mag- 
netism, or for that matter, electricity itself. 


These free electrons move about the nucleus at я high 
rate of speed, somewhere in the neighborhood of 
40,000 miles per second under ordinary temperatures. 
Some of them are only loosely held by the nucleus, 
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Figure 1-3. Like Poles Repel — Unlike Poles Attract 


and under sustained energy and force break away to 
join another atom structure when electrical pressure is 
applied. The resulting flow of electrons is dynamic 
electricity, or electrical current. 


ELECTRON MOVING FORCE. If work, as the result 
of sustained energy or the force used to overcome an 
obstacle, produces movement or flow, it follows that 
work results when electrons are added to an inert atom 
—as in electrostatics—to give it a negative charge, or 
subtracted to give it a positive charge. Cbarging a sub- 
stance stores electrical energy; discharging a substance 
releases it. 


Also, wotk is performed whenever electrons flow from 
a conductor to a positively charged substance, or from 
a negatively charged substance to a conductor. So, since 
Charging a substance gives it work capacity electrically, 
in like manner discharging a substance releases its work 
capacity electrically. All this is developed through an 
external force being applied—the battery, or the gener- 
ator. It is this same external force or pressure which 
causes electrons to flow in a definite direction through 
conductors and electrical components. This electron- 
moving force is familiarly known as electromotive force 
(emf), voltage, or difference of potential—all three have 
the identical meaning. 


MAGNETISM. 


You are aware that energy, for the operation of most 
electrically operated equipment in an airplane, depends 
on electrical energy supplied by a generator. А generator 
is nothing more than a machine used to convert 
mechanical energy into electrical energy by electro- 
magnetic induction. It is common knowledge to those 
of us who have studied even the most basic electricity 


that practically all electrical apparatus, from electrical 
doorbells to generators, depend on the action of mag- 
netic fields, 


Molecular Theory of Magnetism. 


When we discussed electrostatics you were reminded 
that like charges repel each other while unlike charges 
attract. Magnetically speaking, if two bar magnets are 
suspended at their midpoints by a string, and are free to 
move as shown on figure 1-3, their like poles repel each 
other and their unlike poles attract each other. Just 
as the earth itself is a large magnet, having a north 
pole and a south pole, every molecule of matter is 
also a tiny magnet, having a north and a south pole. 
This phenomenon is due to the action of tbe atom 
structures within the molecules which set up tiny indi- 
vidual fields of force. But the magnetic properties in 
some molecules are stronger than in others. Let's take 
a look at the arrangement of molecules їп a piece of 
unmagnetized iron and those in magnetized iron. If all 
the molecules in the unmagnetized bar, as shown in 
figure 1-4, were aligned in such a manner that all the 
north poles faced in the same direction as they do in 
the magnetized bar, the iron would be a magnet. This 
is the condition found naturally in the loadstone in 
which the original phenomenon of magnetism was first 
observed. 


Magnetic Lines of Force. 


А convenient way to regard lines of force is to think 
of them as taut rubber bands which in trying to shorten 
themselves establish a stress field of mutual repulsion, 
against whatever holds them apart and their normal 
state. In like manner, when two magnets are brought 
together their fields of stress interact causing repulsion 
or attraction, What is a stress field? If you place a 
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sheet of glass or just a simple piece of paper over a 
magnet and sprinkle iron filings on it, the pattern of 
à magnetic field can be readily seen. When you tap the 
Blass gently the filings will arrange themselves along 
the lines of force. For this reason, at any particular 
point in the space around the magnet there is a state 
of stress which exerts force on any pole brought into 
the vicinity of the magnet. 


Lines of force have a definite direction, They leave 
their north pole and re-enter their south pole and con- 
tínue on their journey through the magnet from south 
pole to north pole. Notice in figure 1-5 the pattern 
taken by these lines of force under this law of polarity. 
In the upper left corner of the illustration are shown 
the magnetic fields of force about a bar magnet and 
the continuous paths taken by these fields of force as 
they leave the north pole and re-enter the south pole. 
Below this bar magnet are the magnetic fields about a 
U-shaped or horseshoe magnet. In figure 1-5, you can 
see how these magnetic fields of force have been har- 
nessed for work in a simple two-pole and four-pole 
magneto. The permanent magnet in these simple mag- 
netos acts as a keeper. The keeper concentrates the 
magnetic fields into a more orderly stream and thereby 
strengthens the field. This is a closed magnetic circuit. 


Terminology. 


Various technical terminologies are used by different 
authorities to distinguish the lines of force inside and 
outside the magnet. These have been devised to explain 
the fine details of magnetism. For our purpose, how- 
ever, let's stick to the more simple term, magnetic lines 
of force. Later, when we cover the action of the gen- 
erator and when magnetic flux is mentioned, remember 
that magnetic lines of force and magnetic flux are inter- 
changeable—both have tbe same meaning. And further- 
more, let's remember that the entire space around a 
magnet is the magnetic field sometimes referred to as 
a field of stress. 


Laws of Magnetism. 


Because lines of force, magnetic fields, and electro- 
magnetism will be reviewed before we discuss gener- 
ators, certain laws governing magnetism will be quoted 
here, These laws might be good to keep in mind while 
we move right into the production of electromotive 
force. You will find them applicable to almost any 
study or understanding of what an electrical component 
does and why it does it. 


First of all, magnetic lines of force are continuous and 
always form closed loops. Magnetic lines of force have 
a tension (remember our rubber bands), along the 
direction of the lines, which tends to shorten them, As 
another example, when two unlike poles are brought 
near each other, the lines of force existing between 
them cause them to move toward one another. Magnetic 
lines of force never cross one another—they are con- 
ducted by all materials. And last but not least, magnetic 
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Figure 1-4. Arrangement of ‘Molecules 
in an fron Bar 


lines of force that have the same direction, like those 
that materialize from the same poles, tend to push one 
another apart. This particular fact accounts for the 
repulsion between like poles of our two bar magnets 
when these poles are brought close to each other. 


ELECTROMOTIVE FORCE. 


All normal atom structures are electrically neutral— 
the number of positive charges equals the number of 
negative charges. Since all matter is composed of mole- 
cules and their accompanying atoms which in turn are 
composed of positive and negative electrical charges— 
it should be clear that all matter is electrical in nature. 
Now, how is the electrica! nature of things put to work? 
It was brought to your attention (when we were dis- 
cussing energy and work) that an electron-moving 
force, or flow of electrons, is what is more familiarly 
known as electromotive force (emf), voltage, or differ- 
ence in potential—all three having the same meaning. 


METHOD OF PRODUCTION. 


The two most common methods of producing electro- 
motive force are by chemical reaction and by mechanical 
means. The first method involves transforming chem- 
ical energy into electrical energy, as in the storage 
battery or the dry cell. The other method involves 
rotating conductors of electricity in a magnetic field in 
such a manner that an electrical voltage is generated. 
This arrangement, of course, is the generator. 


We have said, atoms having equal amounts of positive 
and negative charges are electrically neutral—they are 
balanced and in a condition of momentary rest. Like 
the stored water in that dam, they are simply minute 
bundles of stored potential energy waiting for release 
and conversion into electrical energy. 
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Figure1-5. Magnetic Fields and Lines of Force 


Electromotive force then is the force that releases the 
atom's free electrons and forces them through con- 
ductors and the various devices that form electrical 
systems. "This electron-moving force, this electrical pres- 
sure, is measured in volts. As it moves through the 
electrical system, from electrical device to electrical 
device, it varies in pressure or in electrical potential. 
Тһе difference in pressure between two points in a 
stream of water may be called the difference in level, 
the drop in level, or merely the drop. Similarly, the 
difference in voltage between two points in an electrical 
circuit is said to be the difference in potential, or the 
drop, such as voltage drop. 


CURRENT AND THE ELECTRON FLOW. 


The velocity of an object is the speed at which an 
object moves. If you remark of a river, "It has a 
swift current," you mean only that the velocity of the 
water is high. Technically, current measures the time 
it takes to displace some substance, not the speed at 
which it moves. Water, for example, is measured in 
the gallons per minute that flow past a certain spot. 
In electricity, it is the number of electrons that flow 
past a particular point in an electrical circuit. The 
measurement for this is the атреге; che measurement 
for the quantity of electricity is the coulomb. If we 
were to say that current is flowing past a certain point 


in an electrical circuit at the rate of one coulomb per 
second, there would be one ampere of current. One 
ampere of current is equivalent to 6.28 billion billion 
electrons flowing past a given point per second. (This 
figure is merely mentioned to make our point—you'll 
never have to remember it.) 


ENTER THE ELECTRONIC ERA. 


In other supplements of this series, when we study the 
flight control and the armament control systems in 
the F-102A, electronics will and must come into our 
discussion. Today, anyone studying electricity is sooner 
or later going to run into electricity's big brother, elec- 
tronics. So, before we move into a closer study of power 
sources, let’s pause for a minute and go back to the 
discovery of the electron. 


SOME BASIC CONCEPTS OF THE NATURE 
OF THINGS. 


When we were discussing electrodynamics we mentioned 
matter and defined it. But perhaps at this point we 
should learn a little more about it. Undoubtedly you 
remember that matter is any substance having weight 
and. occupying space. But what is it composed of? You 
probably learned this in high school, and are familiar 
with the term, but do you have the knowledge of it? 
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Figure 1-6. The Hydrogen Atom 


The Composition of Matter. 


Matter consists of 98 or more known elements and 
appears in three forms: one, a pure elemental substance 
such as hydrogen; two, it may be compounded to form 
the chemical unions of two or more elements as in 
carbon dioxide; and three, it can be a. mixture of several 
elements or compounds not bound by chemical action 
--ап example of this is copper and ground glass (silica). 
But regardless of the molecular form matter takes, it 
can always be broken down.into atoms and the electron. 


Molecules. 


A molecule is a grouped combination of atoms. It is 
the smallest particle into which any substance can be 
divided and still retain its characteristics. For example, 
two atoms of hydrogen (Ну) form the molecule H, of 
hydrogen; two atoms of hydrogen and one of oxygen 
form the molecule Н.О, water, In other words, the 
melecule of a compound always contains two or more 
atoms while an element like oxygen consists of but one. 


Atoms and Electrons. 


Atoms are the smallest divisions of matter that can 
ordinarily be obtained chemically. As we mentioned 
earlier, the structure of the atom can be compared to 
our solar system in miniature. As the planets revolve 
around the sun, the atom’s most important product, 
the electron, revolves around the atom’s nucleus (made 
up of protons and neutrons). And remember, the 
electron is always the same regardless of its source 
and is the smallest known particle of negative elec- 
tricity. Contrary to belief, the electron is vot a part of 
its so-called nucleus. It can be compared more. to a 
temporary visitor than to anything else. 
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Atomic Structures, 


Тһе simplest of atomic structures is the hydrogen atóm, 
shown in figure 1-6. This structure consists of one nega- 
tively "charged" electron revolving around a positively 
"charged" proton. It is the number of protons in an 
atom's nucleus that determines the charge, and it is this 
number that gives the atom its atomic number. In this 
case, the atomic number is 1 (H,). The quantity of 
electricity, or charge, in both the proton and electron 
is equal—this atom is therefore neutral, 


To go a step further, let's take a look at the structure 
of the helium atom as illustrated in figure 1-7. Here 
we have a nucleus which, in its natural state, contains 
four protons. ‘The atomic number of the helium atom, 
however, is 2, (Hy), not four. Why? Because, the 
charge on two of the protons has been neutralized by 
two electrons held captive by protons in the form of 
neutrons or bound electrons. The resulting positive 
charge on the protons is just enough to hold the пера- 
tively charged free electrons on their orbit as they 
revolve around the nucleus. As in the simpler structure 
of the hydrogen atom, we again have a resulting 
quantity of electricity or electrical charge which adds 
up to zero. The atom is inert, at rest. 


What does this really mean to us? Simply that electri- 
fication, as we know it, consists not in making or pro- 
ducing electricity, but merely separating the equal 
charges of opposite kinds of electricity we find present 
in a neutral substance or body. It’s that easy. 


THAT MAN THOMPSON. 


Until a man named J. J. Thompson discovered the 
electron in 1897, it was assumed that current flow was 
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Figure 1-7. The Helium Atom 
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from (+) positive to (—) negative. Rules of behavior, THE STORAGE BATTERY, 


Д whether Мүн talking about electricity: ог not, become The aircraft storage battery is a reservoir in which 
E the conventional Way of doing өс thinking about some; energy is stored until needed. Іс is the method of pro- 
| thing. So. Де Was, таг this plus Ён ан thinking ducing electrical energy through chemical reaction. So 
became known as the conventional direction of current let's review the electrical auxiliary power source of 
| flow. Bur, since Thompson discovered the electron, most airplanes, the storage battery. 
dt scientists are now agreed that electrons in motion are 
current, and that current actually flows from а пера- The main source of the 4-с electrical power systems 
tive to a positive potential. Ав you undoubtedly learned in airplanes is che direct current generator. The battery, 
in electrical school, either the conventional direction we can say, goes along for the ride and is used as an 
of current flow, or the electron theory of current flow, auxiliary or emérgency source of d-c power during 


may be used in tracing electrical circuits. in-flight operations. А number of similar articles 
| collected together is termed a battery. Storage batteries 
| You must remember, however, thàt the Air Force consist of a collection of individual cells connected 

ў М together, thus the word "battery" as used in electricity. 


within the battery wil! react го produce voltage. Just 


moving in undesired paths. Common among non-con- 3 
how and why is this brought about? 


ducting substances are mica, glass, rubber, and bakelite. 
| The materials used to insulate electrical conductors in 
! airplanes are specially treated cambrics and nylons. It 

i might Бе а good thing to remember, however, that Let's talk about cells for a minute. You will see in 
| tbere is по perfect conductor ана по perfect insulator. figure 1-9 two basic cells, one wet and one dry. When 
' 

| 

| 


tod з 

на. шадан only, the; Elecirgn Plow Theory: The OM Figure 1-8 shows a cutaway of a typical storage battery. 
NE for this is that electron flow is the only theory appli- Each cell contains positive plates coated with lead per- 
| | Q cable to electronics; therefore, for standardization pur- oxide, and negative plates of a spongy pure lead. 
Adi poses, the Air Force had to adopt it. Undoubtedly you have heard these cells referred to 
і 1 as lead-acid cells. This designation is the result of acid 
) | CONDUCTORS AND INSULATORS. being poured into the cells in the form of a liquid 
| тһ ber of f 1 5 | . called electrolyte—a mixture of sulphuric acid and water. 
| Гһе number of free electrons varies with the substance; It is the union of the positive and negative plates 
| and the greater the number of free electrons contained through the electrolyte which produces chemical energy 
| in a substance, the less resistance there 15:10 electrical and irs end result, electromotive force. Lead-acid storage 
) current, Substances characterized Бу their relatively batteries for airplanes are fundamentally the same as 
| large content of free electrons are called conductors; the one in your automobile. 

| those characterized by very few ог the lack of free 

| Q electrons are known as insulacors and are used to When a battery is connected to an electrical circuit 
| insulate conductors and keep the electron flow from through which it can force current flow, the chemicals ) 
i 

' 

! 


The Primary Cell. 


two unlike metals, or it could be a metal and carbon, 

are suspended in a solution that produces a greater 

А PRODUCTION OF ELECTROMOTIVE reaction on one than on the other, a difference of poten- 
FORCE BY CHEMICAL ACTION. tial will exist. And, as we know, if a conductor is 

connected between them, electrons will flow, The 
arrows in the illustration show the flow of electrons, 
and the difference in potential is shown in the meter 


Alt that we have been talking about thus far is fairly 
familiar to you, But, because exact knowledge is of 


| such prear importance to yon when dealing with ultra- connected across them. This arrangement is called a 
| modern aircraft, it is felt there is a need for even such primary cell; the two metals are electrodes, and the 
! basic concepts as the construction and process of as solution is the electrolyte. This set-up is merely the 
! Simple a gadget as the lead-acid storage battery. After common dry cell battery. 

і all, іе is the life-blood of the average automobile — it 

A acts as the d-c blood bank for the modern jet airplane. The difference in potential is the result of material 
| from one or both electrodes mingling as additives го 
і С ў Basically, the free electrons we have been talking about the electrolyte. During this process the ions are formed 
! ы аге weak—they wander. When this occurs, if you will in the vicinity of the electrodes, The resultant negatively 
! remember, we have ionization. Án atom which has lost or positively charged ions give the electrodes their 
і one of its electrons is called a positive ion; an atom гезреспує electrical charges. The amount of difference 
ў which has gained a wandering electron is called а nega- in potential berween electrodes depends on the metals 
1 tive ion, This addition and subtraction of the number used. The type of the electrolyte and the size of the 
| of free electrons іп an atom is the same process that cell have little or no effect on the electromotive force 

takes place in an aircraft storage battery. produced. 
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Figure 1-8. Storage Battery Construction 


Internal Resistance. 


In any conductor there is a certain amount of resistance 
to electron flow, Similarly there is some resistance in 
thé primary cell we have been. discussing. This is due 
mainly to resistance found in the electrodes and eletro- 
lyte. So, the amount of resistance depends on the kinds 
of materials used in the battery and the size and the 
spacing of the electrodes. In large cells however, with 
their close spacing of electrodes, we find less resistance 
than those with smaller cells made of the same material. 


Secondary Cell, 


It is the primary cell which delivers electrical energy 
direct from the reaction of the chemicals. But, if we 
are to have sustained voltage, there must be a secondary 
or storage cell which stores this energy before it becomes 
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an electromotive force delivering the electron flow 
demanded by the circuit, This method, called charging, 
is what happens in a storage battery. In other words, 
when a source of higher voltage is connected to a 
storage battery the proper terminals of the chemical 
action is reversed from that of a primary cell. The 
secondary cell is being charged or the electrical energy 
is being converted back to chemical energy which is 
stored in the cell. In discharging, the stored chemical 
energy is re-converted into electrical energy when the 
battery is connected to our electrical circuit through 
which it can force the flow of current, This is what is 
meant by the much used statement, “... when a voltage 
is impressed across a substance." 


A simple secondary cell contains two lead electrodes 
immersed in a dilute solution of sulphuric acid. When a 
current is forced through the cell, the surface of the 
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Figure 1-9. Тһе Primary Cell 
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electrode will be changed to lead peroxide and the sur- 
face of the other electrode will Ье changed to a spongy 
lead. The surface of the electrode is connected to the 
positive terminal of the charging voltage. 


Discharge of the Lead-Acid Cell. 


During discharge, lead sulphate is formed on both the 
positive and negative plates of the storage battery. 
Тһе acid content of the electrolyte is decreased as dis- 
charge continues, while the water content increases. By 
the same token, the amount of lead sulphate on the 
plates increases until the sulphate coatings become so. 
thick that the weakened solution of electrolyte cannot 
effectively reach the lead and lead peroxide. It is at this 
time that chemical reaction is held back and the output 
in the cells is reduced. In actual practice the cell is not 
permitted to discharge until this condition exists. The 
reason is, because (һе thick coatings create a high 
internal resistance which, when introduced into any 
circuit, reduces the current to a voltage value too low 
for practical use. 


Charging the Lead-Acid Cell, 


As we mentioned before, when the battery is connected 
to a source of higher voltage the chemical action is in 
reverse, It is when a cell is being charged that lead sul- 
phate is removed from both the positive and negative 
plates and sulphuric acid is formed: the electrolyte is 
now decreased, and as this takes place its density natu- 
rally increases. 


Open-Circuit Voltage. 


The open-circuit emf or the voltage on a typical lead- 
acid cell is approximately 2.2 volts when there is no 
load on it drawing current. The voltage is the same on 
all lead-cells regardless of plate size, and it remains at 
this value (level) until the cell is practically "dead" 
regardless of its rate of discharge. It is only when the 
cell nears total discharge that its sustained voltage level 
drops off rapidly. 


Closed-Circuit Voltage. 


This refers to the voltage of an acid cell under load 
or when connected into an electrical circuit which is 
drawing on its stored energy. As the cells. discharge, the 
closed-circuit terminal voltage gradually decreases. This 
is due to the gradual increase in internal resistance of 
the cell due to the sulpher coating on the plares—to 
give it a more technical term, the suipbation of the 
plates. At the end of a normal discharge, the internal 
resistance of a lead-acid cell is more than twice as high 
as it is when fully (or newly) charged. 


Open-Circuit Versus Closed-Circuit Voltages. 


The difference between the open-circuit and closed- 
circuit terminal voltages is due to the voltage drop 
inside the cell. Mathematically speaking, this drop is 
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equal to the current the load draws multiplied by the 
internal resistance in the cell. If you recall from your 
tech school study of Ohm's Law, there is a definite 
relationship between voltage, current, and resistance of 
any circuit or any part of a circuit. If the voltage 
increases, the current increases, and as the resistance 
increases, the current flow decreases. If you will remem- 
ber, this relationship is mathematically written I= E/R 
(I for current, E for voltage or volts, and R for resist- 
ance). In our present situation, however, it would be 
written as: Е-- ІК. Therefore, the voltage which а lead- 
cell will supply under closed-circuit conditions is equal 
to the open-circuit voltage of the cell, minus the IR 
drop in the cell. 


Characteristics of Construction. 


If we are to have a high discharge current as well as a 
high termina! voltage under load, then the battery must 
have a low interna! resistance. One way со reduce inter- 
nal resistance is to increase the total plate area. To 
achieve low internal (TR) resistance, several sets of 
plates are used in each cell. The positive plates of a cell 
are all tied together in parallel by one connecting bar. 
The negative plates are connected together in the same 
manner. Plates connected in parallel decrease the IR 
factor without affecting the level of the individual cell 
voltage—the voltage in this type assembly is relatively 
the same as a single pair of plates of the same materials. 
The illustration in figure 1-11 is typical of storage 
battery construction. 


The Assembly. 


As you see, each plate of а lead-acid cel! consists of a 
framework called the grid. To this is attached the 
negative, spongy lead plates and the positive peroxide 
coated, lead plates. The plates are assembled so that the 
positive plates fit in tandem: negative, positive, negative, 
positive, etc., or in series. In this manner the end plates 
of each cell are negative. Between each plate are fitted 
porous separators which act as insulators. These prevent 
the plates from touching, which would cause the cells 
to arc-over or short out. These separators have vertical 
rims on their sides facing the positive plate. This con- 
struction permits the eletrolyte to circulate freely around 
the plates, and allows an unobstructed path for the sedi- 
ment to settle co the bottom of the cell. 


Each cell is contained in a hard rubber case sealed by a 
special compound. On top of each cell are terminal 
posts and a threaded hole. The hole provides a means 
of testing the strength of the electrolyte solution and 
for adding water. A поп-рШ vent plug seals this 
opening. This vent plug permits gases to escape from 
the cell and at the same time discourages any leakage 
of the electrolyte. Let's take a look at one in action. 


In the illustration, figure 1-12, you can see that in the 
normal flight position the lead weight inside the vent 
plug allows the dangerous hydrógen gases to escape, 
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Figure 1-12. Battery Non-Spill Vent Plug 
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and at the same time prevents the electrolyte from spill- 
ing. When the plane is on its side or inverted, the lead 
weight seats securely, thus sealing the non-spill vent 
opening. А ventilating system carries the hydrogen 
gases escaping through the vent plugs away from the 
battery surface and exhausts them overboard. 


Battery Ventilating. 


On most airplanes the battery ventilating system is a 
simple one. Outside air usually enters through a small 
air scoop in the belly of the plane and is distributed 
through tubing to the battery container, This venti- 
lating air routes the escaping battery gases into a 
jar containing pads soaked in baking soda (sodium 
bicarbonate). The baking soda neutralizes the battery 
Bases so that they do not corrode the airplane skin as 
they exhaust overboard from the jar. 


In the F-102A the air intake tube assembly is slightly 
different from this conventional method. We will dis- 
cuss the Е-102А battery ventilation when we reach the 
d-c system in Chapter ПІ of this supplement. 


RATING OF STORAGE CELLS. 


А storage cell is rated іп ampere-hours capacity, The 
battery-used in the F-102A for example, has a 24-ampere- 
hour capacity. This simply indicates the number of 
amperes that a cell is able to furnish continuously for a 
given period of time. In theory, a 100-ampere-hour bat- 
tery could furnish 100 amperes for one hour, 50 amperes 
for two hours, or 20 amperes for five hours. 


The Ampere-Hour, 


In use, the ampere-hour output of a particular battery 
depends largely on its rate of discharge. As we know, 
heavy discharge currents heat the battery and decrease 
its efficiency which naturally decreases the ampere-hour 
output, А five-hour period has been established for 
most airplane batteries as the discharge time from full 
charge under continuous usage. This five-hour period, 
however, is only a basis for rating and does not neces- 
sarily mean the length of time the batcery is expected 
to furnish current. Under actual in-flight conditions the 
battery may be completely discharged in a matter of 
minutes. Under emergency conditions, the battery in the 
F-102A will dissipate its d-c charge іп б to 12 minutes. 


The ampere-hour capacity of a cell is dependent on its 
total effective plate area, If you connect cells in parallel, 
it increases the ampere-hour capacity. On rhe other 
hand, if you were to connect them in series іс would 
increase the total voltage, but not the ampere-hour 
capacity. A good example of this is seen in figure 1-13, 
using the primary cells of a dry cell for the sake of 
clarity. As you already know from your basic training 
in electricity, electrical circuits are divided into three 
classifications: series, parallel, and series-parallel, 
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In airplanes where more than one battery is used, bat- 
teries are connected in parallel but the voltage is only 
equal to that of one battery as you see in the middle 
view of our example above. Further along in our 
manual we will réview more extensively the electrical 
circuits classified above, but for now let's get back to the 
storage battery and the all important factors governing 
its life. 


FACTORS AFFECTING BATTERY LIFE. 


Earlier in this chapter we were talking about a 50-cent 
word—"sulphation.” Well, sulphation is one of the 
chief causes of a short battery-life. If you remember, 
lead sulphate is deposited on both the negative and 
positive plates during discharge, and the coating on the 
plates—the chickness of the sulphate build-up—is gov- 
erned by the load thrown on the battery during dis- 
charge. It is most important that this sulphate deposit 
be changed back into an active material to mingle with 
the electrolyte. This is accomplished by the proper 
charging of the battery at the proper time. 


During the in-flight operations of the airplane, direct 
current from the airplane generator charges che battery. 
This method of charging is che "constant-voltage" 
method. The charging voltage is held constant by the 
voltage regulator, which is set at a point slightly above 
thé normal voltage reading of the battery, 26.5у. The 
reason for this is the necessity of continuous charging 
at a low rate. This continuous method of charging at a 
low rate—low rate means low differential voltages— 
minimizes the possibility of overcharging the battery. 
For this reason, frequent checks on the generator out- 
put must be made if the battery is to maintain a proper 
low rate of charge. 


What happens when a battery overcharges? Plenty! 
First of all, it will cause the electrolyte to boil. When 
this happens, an excess amount of electrolyte overflows 
into the battery drain sump, regardless of the non-spill 
vents, putting its usefulness to an end and causing the 
battery to overheat. The end result? The cell plates 
buckle, But this is not all: as the electrolyte level 
becomes low, the upper parts of the separators dry out 
and an arc-over, or short circuit, may occur. The result? 
Àn explosion! 


HYDROGEN GAS. 


Remember we spoke earlier of the hydrogen gas which 
escapes from the battery vents? It is highly explosive. 
With the battery drain sump out of commission, the 
explosive qualities of hydrogen will fail to neutralize. 
This causes a highly dangerous situation to exist, which 
endangers the mission, the pilot, and the plane itself. 
So the utmost care of (һе battery is essential, and if 
the maintenance is efficiently administered, the battery 
should perform for its normal life span. The life of a 
battery—unlike а man's—is predetermined by its devel- 
oper, and if carefully maintained, may reach 36 to 
48 months. 
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Figure 1-13. Series and Parallel Connections 


When we discuss the d-c system in the F-102A and the 
battery used, we will go into methods of testing, charg- 
ing, and the maintenance and inspection of the storage 
batteries. It has seemed sufficient here, to simply review 
its theory and action. 


PRODUCTION OF ELECTROMOTIVE 
FORCE BY ELECTROMAGNETIC 
INDUCTION. 


Sounds impressive, doesn't it? All the heading means 
is that electromotive force (emf) is produced by a 
machine known as a generator. The generator, as you 
know, converts mechanical energy into electrical energy 
and emf by using the principle of induction. А voltage 
is induced in a conductor if there is relative motion 
between the conductor and a magnetic field. We men- 
tioned this method previously in our brief discussion 


of magnetism, but we are now at a point when the meat 
of magnetic theory must be cut and served in palatable 
slices if we are to understand the full scope of the 
principles of d-c, or for that matter a-c generators. It 
should also be kept in mind that these same magnetic 
principles may be applied to the solenoid relays which 
you will learn about in Chapter II. Some of these slices 
will be thick, others thin, according to their importance 
in our study leading up to generator principles. 


ELECTROMAGNETISM. 


It is over a century ago, now, that a Danish physicist 
by the name of Oersted discovered that a current- 
carrying conductor із surrounded by a magnetic field. 
This discovery was one of the factors which led to our 
man Thompson's discovery of the electron а number 
of years later. It started a train of thought at least, and 
this is the reason, in our discussion of electromagnetism, 
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Figure 1-14. Structures of Sulphur and Copper 


that the electron and atomic structure comes back into 
our story, if for no other reason than to emphasize the 
relationship of the fields of force set up in atomic struc- 
tures, and those created by electromotive force as it is 
forced through a conductor. The only difference in the 
two is movement by direction. Let's not split hairs. The 
fine lines drawn by scientists between fact and fancy 
do not enter the scope of this supplement, but analo- 
gies do, and when we find an analogy that will punch 
home two lines of thought and give us a short cut to 
understanding, let's use it. 


Magnetic Fields, 


We know what a conductor is, and we should know 
by now that when electrical pressure is applied to an 
atom structure, the result is electrical current through 
the magnetic pull of one structure (the conductor) 
being greater than the magnetic pull on the other (the 
atom structure). You know what is meant by an atomic 
structure—you saw this in the simple hydrogen and 
helium structures. Figure 1-14, shows the more com- 
plex atomic structure of copper. Аз you know, copper 
is the common electrical conductor used in airplanes. 
It can be readily seen by its structure why it is preferred 
over all other conductors. 


Tf you will remember, a conductor is characterized by 
the content of free electrons. This means the higher the 
atomic number the more readily the electron flow will 
move, The atomic structures of the two examples—fig- 
ure 1-14--аге arranged in layers, as are all others from 
the simplest of atomic structure, the hydrogen atom, 
to the more complex of atomic steucture, copper. It was 
our friend Thompson who suggested that the electrons 
were arranged in this manner. And if you remember, 
it was he who discovered the electron. This brings us 
back to the Danish physicist, Oersted, who as we have 
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already said, found that whenever a conductor of elec- 
tricity has a current flowing through it, magnetic fields 
exist about the conductor, as shown in figure 1-15. 


What does this remind you of? Electrons as they move 
about their nucleus? Right. The difference being, how- 
ever, that electrons have no definite direction of move- 
ment; at least not until an external pressure is exerted 
to produce an electromotive force sufficient to force 
them through a conductor in a definite stream, and in 
a definite direction. 


Left-Hand Thumb Rule. 


The lines of force that form about a current-carrying 
conductor, as shown above, travel in either a clockwise 
or counterclockwise direction. This depends on the 
direction of electron flow. If you remember, the direc- 
tion of the lines of force is determined by the left-band 
rule. This states, that if you grasp a conductor іп your 
left hand in such a manner that your thumb points in 
the direction of the electron flow, the fingers of your 
left hand will indicate the direction of the lines of force. 
Figure 1-16 will simplify your understanding of this 
rule. 


Magnetic Field About a Loop. 


If you bend a straight conductor into a single turn loop 
as shown in figure 1-17, the lines of force enter the 
loop on one side and leave at the other. Now, if you 
wind several turns of wire ог a series of loops into a 
coil, the magnetic fields all have the same direction at 
every point. 


The Solenoid. 


А solenoid consists of a coil of wire wound around a 
hollow cylinder, and is used to produce a magnetic field. 
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MAGNETIC FIELDS ABOUT A CONDUCTOR 


Figure 1-15. Magnetic Fields About a Conductor 


Now, if you were to place a movable core of soft iron 
inside the cylinder, the magnetic field of the coil will 
tend to center the core into the coil when current is 
turned on—inserting a soft iron core into a solenoid 
greatly increases the number of magnetic lines of force. 
This increase in magnetic lines, however, is not from 
an increase in the intensity of the field, which depends 
only on current and turns per unit length, but from 
the additional lines of force produced by the magnetiza- 
tion of the iron core. Solenoid coils with movable cores 
are used extensively in the F-102A for the remote 
control of various units such as solenoid-operated valves 
and relay switches. 
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Figure 1-16. Left-Hand Thumb Rule 
for Conductors 


Let's take a simple example of a solenoid and explain 
its theory, for it is an important device in airplane 
circuits today. Тһе magnetic field associated with а 
helical coil, or solenoid, is much the same as the fteld 
surrounding a bar magnet. The comparative drawing 
of figure 1-18, shows you what is meant by this, 


If an equal current із forced through the coil, let's say 
it consists of eight loops, and at the same time through 
a single-turn loop of the same diameter, you will find 
the magnetic fields are almost identical. The magnetic 
field strength. of the 8-turn coil, however, will be 
approximately 8 times that of the single-loop. The 
reason should be clear enough: in the 8-turn coil its 
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Figure 1-17. Effect of a Loop on 
Magnetic Fields 
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Figure 1-18. Magnetic Fields 


magnetic fields are paralleled with each other at every 
point, and their effects—by adding one to the other— 
are greater, or cumulative. Let's spread our 8-turn coil 
into a helical coil, or solenoid. The magnetic field 
between the turns will now be very weak because the 
fields of adjacent turns are opposite in direction, they 
tend to cance! each other as сап be seen in the illustra- 
tion, figure 1-19, But, izside the coil they are strong 
because their magnetic fields are cumulative, 


This cumulation is a strong field of fairly uniform 
intensity, because it represents nearly straight lines of 
force inside the coil. What has happened? Ап electro- 
magnet has been induced through the action of several 
fields of force. It is better than an ordinary magnet 
because it can be magnetized and demagnetized at will. 
'Thus it can be linked to a switch arm, as in a solenoid- 
type relay, and remotely open and close a circuit in 
response to either an automatic or manual controlled 
power source, 


Electromagnets. 


The strength of an electromagnet is based on three 
important factors: the number of coil turns of wire, 
the kind of metal in its core, and the amount of current 
flowing through the coil. In the Е-102А, electromagnets 
are used in the landing-light relays, voltage regulator, 
flight control system, generator relay switches, disconnect 
relays, warning relay systems, power shutoff, generator 
field coils, and in many other places in its overall sys- 
tem. We will discuss these units in detail in appropriate 
sections of this supplement. 


Determining the Polarity of an Electromagnet. 


Here again we have a left-hand rule. As can be seen 
in figure 1-20, grasp the coil with your left hand so 
that the fingers point in the direction of current flow 
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in the coil, your thumb 15 extended at right angles to 
the fingers, and points the direction of the north pole. 
1f the current is reversed the poles will reverse. 


Magnetic Flux, 


The total number of lines of force around any magnetic 
current, or in any region of magnetic activity, is called 
magnetic flux. A simple example of this can be seen in 
figure 1-21. If you remember, one of the basic laws of 
magnetism is that lines of force are continuous and 
always form closed loops. Now, because magnetic flux 
lines of force form closed loops, the paths followed by 
flux loops are called magnetic circuits. 
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Figure 1-19. Magnetic Field Surrounding 
а Solenoid 
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Magnetic Circuits. 


In the magnetic circuit, flux is similar to current in an 
electrical circuit, Аз you know, the force which pro- 
duces a flow of electrons in an electrical circuit is elec- 
tromotive force (emf). In a. magnetic circuit, the force 
producing flux is called magnetomotive force (mmf). 


Resistance, Conductance Versus 
Reluctance, Permeability. 


In an electrical circuit, it is resistance that opposes 
current flow; in a magnetic circuit, reluctance holds up 
the magnetic flux. Conductance in an electrical circuit 
is the ease with which the electrical current flows, but 
in a magnetic circuit it is permeability that is the ease 
with which a substance conducts magnetic lines of force. 


MMF. 


Тһе amount of magnetomotive force (mmf) is expressed 
in ampere-turns. One атреге of current flowing, say 
through one turn of a coil, is one ampere-turn. А gen- 
erator pole having 20 turns of wire around the pole, 
with say 10 amperes flowing through it, will exert 
200 ampere-turns of mmf, 


Hysteresis. 


The molecular theory of magnetism explains at one 
point, that if you hold a piece of steel parallel with 
the earth's magnetic field and strike it several times 
with a magnetized steel hammer you will magnetize it. 
What happens is, the blows struck shift the tiny molec- 
ular magnets in the steel into uniform lines. By the 
same token, you can demagnetize a permanent magnet 
by heat. Heating the magnet accelerates the motion of 
the molecules throwing them into their former state of 
confusion. 


ELECTRICAL SYSTEM 


THUMB POINTS TO 
NORTH POLE 


ATA. 

deco 

DIRECTION OF FINGERS POINT IN 
CURRENT FLOW DIRECTION OF CURRENT 


LEFT HAND RULE FOR DETERMINING 
POLARITY OF AN ELECTROMAGNET 


81М50106Ү 


Figure 1-20. Left-Hand Rule for 
Determining Polarity 


Soft iron conducts magnetic lines of force more readily 
than steel, because soft iron has more permeability than 
steel, In other words, steel will hold magnetism longer 
than soft iron, but it does not conduct as easily. Speak- 
ing of iron, let's return to our example of a magnetized 
and non-magnetized piece of iron mentioned earlier in 
this chapter. The former’s molecular structure is aligned 
uniformly, the latter's haphazardly. In the magnetization 
of a piece of iron, considerable energy is expended in 
the form of heat due to the acceleration of molecular 
movement. 


If this is the case, think what happens in the life of 
molecules when they are aligned first in one way and 
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Figure 1-21. Flux in a Magnetic Field 
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Figure 1-22. Principles of Magnetic Induction 


then in another many times per second. Complete 
hysteria, An example of this is when an alternating 
current is sent through ferromagnetic material such as 
iron. The waste of energy through heat is great. It is 
this wasted energy which is known as hystetesis loss. 
In electromagnets, this hysteresis loss in the magnetic 
core prevents its polarity reversal at the same time that 
the magnetic current reverses its flow. 


Jt stands to reason then that iron is not the matetial 
to use in an alternating current electrical component 
when a high pattern of efficiency is demanded. In alter- 
nating current transformers, or where alternating cur- 
rent electromagnets are used, steel showing a low 
hysteresis loss, through tests, is customarily used. 


PRINCIPLES OF INDUCTION AND 

CAPACITANCE. 

The major discussion in this portion of the chapter is 
the production of electromagnetic force by electro- 
magnetic induction. We have been some time getting 
to the actual induction, but unless electromagnetism. is 
understood there would be little sense in discussing 
induction at all. Volumes have been written on all 
phases of electricity covered to this point. It is hoped 
that with your basic training in electrical school, and 
the practical application of that training in the field, 
your knowledge is more than the false sense of knowl- 
edge we spoke of earlier — familiarity. 


Electromagnetic Induction. 
The production of voltage and current in a conductor, 
when it cuts the magnetic field of a magnet, is called 
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electromagnetic induction. Actually, the conductor itself 
does not have to be in motion to cause this electrical 
phenomenon—it is enough if the magnetic field is a 
moving field and the conductor is stationary, Figure 
1.22 will help to emphasize this point, 


Аз you can see, the coil is connected to a galvanometer, 
which as you probably know, is a sensitive instrument 
used to detect small voltage changes. In section А of 
the illustration, when the bar magnet is plunged into 
the coil, the meter deflects to indicate voltage. If the 
magnet stops at any point within the coil, the voltage 
indicator returns to zero—a voltage no longer exists. 
If the magnet is withdrawn, as in section B, the meters 
indicate that a. voltage of opposite polarity has been 
produced. How is this explained? 


The value of this induced voltage at any instant depends 
upon the number of lines of force and the speed at 
which they are being cut at that particular instant. This 
is sometimes explained through flux litkage, but for 
out purpose it is simpler to use the expression, lines 
of force—for they mean the same thing. 


ТЕ the conductor is moved, cutting these lines of force 
at a greater velocity, say twice as fast, the induced 
voltage will increase to twice its original value. In a 
like manner, if the velocity is decreased, there will be 
à corresponding dectease in the induced voltage. Also, 
if the strength of the magnetic field is increased or 
decreased in value, the result isa corresponding increase 
ог decrease in the value of the induced voltage. In what 
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other way may we increase or decrease the value of the 
induced voltage? That shouldn't be too difficult to 
determine, simply increase or decrease the length or 
size of the conductor. 


Now, what are the "whys" and "wherefores" of what 
we have been discussing? If you will remember, we 
stated that energy cari neither be created nor destroyed. 
Therefore, the electrical energy must be produced at 
the expense of some other energy. And if you will 
recall, we said that energy is a commodity which can 
be bought and sold. In this instance, mechanical energy 
(the motion of the magnet) is changed to electrical 
energy by tbe coil. The motion of the magnet after all 
was necessary for a flow of current, This brings up a 
rather important point: фе method of determining the 
direction of the induced voltage and current in an 
electrical circuit. 


Lentz’s Law. 


A fellow by the name of Lentz, in 1834, summed up 
induction somewhat like this: The voltage, due to elec- 
tromagnetic induction, must be of such a direction that 
the current flow and its resultant magnetic field will 
oppose the action which produced them. Let's apply 
this to our illustration of the principles of magnetic 
induction. 


lt can be seen that when the magnet is induced, the 
field that is produced directs the flow of current in the 
direction of our left-hand rule for coils. À magnetic 
field has been produced and current flows from north to 
south. As the magnet is withdrawn the polarity is 
reversed, opposing the initial action. which produced 
thé voltage and current in the first place. Let's add 
another rule, 


Generator Left-Hand Rule, 


Let us say a conductor is made a part of a closed circuit. 
This would result in a voltage being induced in the 
conductor. Now, to determine the direction of this 
resulting voltage and current, we would use' the left- 
hand rule for generators. This is simply carrying Lentz's 
law a step further and determining the relationship 
between the direction of the magnetic field and the 
direction of the induced voltage. Figure 1-23—a man's 
hand and the fundamental principle of a generator— 
will give you a good idea of what is meant. 


ЈЕ you place the first and second fingers and the thumb 
of your left hand at right angles to each other in such 
à position that the index finger points in the direction 
of the magnetic flux and the thumb points in the direc- 
tion of motion, then the middle finger points in the 
direction of the induced voltage. ТЕ the conductor is part 
of a closed electrical circuit, the current will flow. 


То further uaderstand this rule, position. the fingers 
of your left hand as noted above and shown in the 
left-hand view of figure 1-23, then place the back of 
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your left hand on the illustration next to the right 
view, Your index finger will point toward you, and 
by looking at the directional arrows, the path of the 
current flow із clearly indicated. 


Self Induction. 


When a coil is connected in series with a battery and 
a switch, and when the switch is closed, the current in 
the circuit produces a magnetic field. The current in 
the circuit does not build to a maximum instantaneously, 
as it would if the circuit contained resistance only. 
It builds gradually, as is shown in the current curve, 
figure 1-24, acting as though something in the circuit 
opposed its build-up. This is actually the case — the 
opposition is caused by what we have been talking about, 
electromagnetic induction in the coil, The coil has 
generated a voltage called a voltage of self-induction. 


Now, the instant the switch is closed the current starts 
to increase as magnetic lines of force form about each 
turn of the coil. These lines expand outwardly, cutting 
and linking up with each other. Technically, this process 
is called flux linkage. Their varying degrees of strength 
as the current increases, induce into the conductors in 
the coil a voltage which is opposite in polarity to that 
of the original current—caused by the impressed volt- 
age when the switch was closed. This self-induced 
voltage on the coil is called a counter voltage, and 
ceases as soon as the current reaches a maximum value 
and the magnetic field becomes steady. 


Energy in a Magnetic Field. 


What we have just discussed is rather important to 
your understanding of the electrical nature of things. 
So, let's carry this a step farther. 


At some time after closing the switch, the amount of 
current in the circuit stops—the lines of force (the flux 
linkages) no longer waver, and. the induced counter 
voltage returns to zero. Now, if at this time you opened 
the switch, there would be an arc-over between the 
switch contacts as shown in figure 1-25, 


This arc-over, or spark, represents electrical energy. 
It indicates also that a high voltage is present. The 
electrical potential for the spark is supplied by the 
energy stored— remember our dam—in the magnetic 
field in the form of expanding flux, or magnetic lines 
of force, During the time of the current build-up, 
energy was stored in the magnetic field by the work 
performed by the current to overcome the opposing 
counter current of self induction. Let's make а com- 
parison. Say you have a screen door held shut by a 
spring. When you open the door, the spring is stretched 
taut. With the door open, the spring has energy stored 
which represents the ability (о do work. The energy 
was stored there in the first place by the work done in 
opening the door. When the door is released, the stored 
energy in the spring pulls the door shut. Well, in the 
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Figure 1-23. Generator Left-Hand Rule 


same way, the work done by the current to overcome 
opposition to the self-induced counter voltage stores 
energy in the magnetic field of our simple circuit. When 
the switch is open, the magnetic field collapses (the door 
slams shut) and the energy stored is returned to the 
circuit (the door at rest against its jamb). 


CURRENT 


SW. CLOSED 
874501104 


Let's return to our friend Mr. Lentz for a moment. 
While the field is collapsing, there are variations in 
the flux linkages, or the magnetic lines of force, which 
induce a voltage іп the сой, According to Lentz's law, 
this voltage opposes any decrease in current. The high 
self-inducted voltage must go some place just as any 
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Figure !-24. Self-Induction and Counter Voltage 
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Figure 1-25. Energy іп a Magnetic Fleld 


gathering of free electrons—remember our discussion of 
electrostatics—so the stored energy jumps across the 
switch contacts. The strength of the stored energy is 
determined by the amount of inductance and current 
in the circuit. The current, however, is a greater factor 
than the amount of i»ductance. If the inductance is 
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Figure 1-26. Principles of Arc Reduction 


doubled, the strength of the arc (stored energy) is 
double. But, if the current is doubled the strength of 
the arc increases four times. 


The principle of arc reduction is shown in the illus- 
tration, figure 1-26. In this illustration, a capacitor is 
connected across the switch contacts eliminating the 
arc, and the electrical energy—which formerly did not 
have a place to go—is stored in the capacitor for future 
use. But before we discuss this capacitor let's talk about 
another form of inductance, or mutual induction. 


Mutual inductance, 


In our electrical circuit, a change of current is always 
accompanied by a change in the magnetic field sur- 
rounding a circuit. If the current is increasing, the 
magnetic field is said to be expanding, that is, its inten- 
sity at any particular point is increasing. On the other 
hand, if the current is decreasing, the field is said to 
be collapsing or decreasing in its intensity. When а 
conductor is placed in a magnetic field of a circuit in 
which the collapsing or expanding lines of force cut 
the conductor, а voltage will be induced in it. (See fig- 
ures 1-27 and 1-28.) 


You learned, when we discussed self-inductance, that 
when a current flows through a coil, the lines of force 
produced a linkage with the other turns of the coil. 
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Figure 1-27. Mutual Induction 


And also, that whenever a change in the current occurs, 
the corresponding change in these linkages induces а 
voltage (voltage of self-induction) іп the coil. Now, 
when a second coil (not connected to any source of 
voltage) is placed next to or near the current-carrying 


coil—the twó coils being oriented so that the lines of 
force of one links with the turns of the second coil— 
any change in linkages will induce a voltage in the sec- 
ond coil. This is what is meant by a voltage of mutual 
induction. 


чала 
V 


і 


SWITCH BATTERY 


PRINCIPLES OF MUTUAL INDUCTION 
BTMSO114A 


TENE j 
А Figure 1-28. Principles of Mutual Induction in Coils 
26 


бо 


ROLLED CAPACITOR 
BTMSO115A 


ELECTRICAL SYSTEM 


INSULATOR OR DIELECTRIC 


TERMINAL 


TINFOIL 


STACKED CAPACITOR 


Figure 1-29. Rolled Capacitors 


Let's repeat, when two coils are so arranged that a 
change of the magnetic lines of force in the current- 
carrying coil causes air induced voltage in the second 
coil, both coils have a property known as mutual 
induction. 


You will recall that reluctance in a magnetic circuit is 
the corresponding term for the resistance in an electri- 
_cal circuit. Well, when the reluctance of the magnetic 
circuit in coil number one is constant, the amount of 
mutual inductance between the two coils depends on 
the number of magnetic lines of force linked to the 
second coil, and the unit rate of change in the current 
reading of coil number one, Let's summarize: the coil 
carrying the original current is called the primary coil. 
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Figure 1-30. Charging а Capacitor 


Its companion coil is called the secondary. When a cur- 
rent flows in the primary, a strong magnetic field 
appears about the primary coil. Now—and remember 
our curve in explaining self-inductance—as the current 
increases, or decreases, this strong field cuts each turn 
of tbe secondary coil, And when the two coils have 
the same number of turns, the voltage induced in the 
secondary will be the same as that applied to the pri- 
mary. 16, however, there are more turns in the secondary 
than in the primary, the voltage in the secondary wili 
be higher. On the other hand, if there are fewer turns 
in the secondary, then there will be less voltage in the 
secondary. In other words, it is the number of turns 
in the secondary coil as compared to those of the pri- 
mary coil which determines the amount of voltage 
induced іп the secondary сой by the primary coil. 


Capacitors. 


In our diagram of a simple electrical circuit, we pro- 
vided it with a gadget known as a capacitor—across the 
switch contacts — to store the high voltage build-up 
thereby eliminating the arc-over. A simple definition of 
a capacitor is a device used for the temporary storage 
of electrical energy. Let's pull one apart. Ав you can 
see from figure 1-29, the essential parts of a capacitor 
are the plates (usually tinfoil), an insulator between the 
plates (paper or a dielectric), and the connecting leads 
or terminals. The two capacitors shown above are 
common types. In the stacked capacitor, the alternate 
plates are connected together and provided with two sets 
of plates to which the terminals are connected. In a 
capacitor with high storage capacity, the plates are 
made of metal foil, and the dielectric of wax paper or 
mica. 

Тһе capacity of a capacitor, which as you know, simply 
means the amount of electrical energy it can store, 
depends on the area of the plates and the material used 
as the dielectric or insulator. It might be а good: idea 
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here to illustrate the action of a capacitor as a storer 
of electricity. The process of storing electricity in a 
capacitor is called charging the capacitor. When the 
wires from our 24-volt battery are connected to the 
terminal posts of the capacitor—the switch being closed 
—the current flows to the capacitor plates until they 
are charged to an equal amount of the battery voltage. 
If we disconnect the wires from the battery and bring 
them together, the current will flow in the opposite 
direction until the capacitor is discharged. 


Ап example of the practical application of this is a 
capacitor connected across a d-c circuit to stabilize the 
voltage and to eliminate radio interference. In this case, 
capacitors absorb the small ripples in the 4-с voltage 
which frequently cause the static that is heard. What 
happens is, when the d-c voltage rises, the capacitor 
becomes an electrical reservoir which overcomes the 
fluctuating voltages, and the d-c ripples smooth out to 
à steady 4-с voltage. 


GENERATORS. 


Тһе F-102A uses one 4-с generator as its regular source 
of d-c current, This is an air-cooled generator which 
delivers 200 amperes at 28 volts to the buses at a mini- 
mum speed of 4000 rpm. The а-с power system uses 
two generators—one for its normal source of a-c power, 
the other for its emergency power, The first one is a 
30-Куа, 120/208-volt, three-phase, 400-cycle, a-c genera- 
tor, and like the d-c generator, it is air-cooled, The other 
is а 1-Куа, 120/208-volt, three-phase, 400-сусів, a-c 
generator used only for emergency operations. 


The entire discussion in this manual thus far has 
been more-or-less a survey, a knitting together, of the 
basic concepts of electrical power. It is hoped that this 
review has brought into focus all that you have pre- 
viously learned, or have known, about these elusive 
characteristics of what we know as electricity. From 
here on out we will be talking about the concrete com- 
ponents that circulate the electricity needed in the air- 
plane, We have covered the principles of the storage 
battery, in what we feel was the appropriate place for 
it, and call it the blood bank for the Е-102А. And it 
is just that. But, generators are the real heart of the 
matter, They make the "juice," that all important "elec- 
tromotive force," which brings an airplane such as the 
F-102A to life. So let's discuss generators. 


Generator Principles. 


We have been discussing the principles of electro- 
magnetic induction because the generator is a machine 
which employs these principles to convert mechanical 
energy into electrical energy. A generator which pro- 
duces alternating-current energy is called an а-с репета- 
tor; one which produces direct-current energy is called 
a d-c generator. Both a-c and d-c, and this is important, 
operate by the induction of an a-c voltage! Why? In our 
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discussion of inductance we spoke of the varying and 
wavering amounts of magnetic flux which intertwine, 
like threads, as it passes through the coils, Аз you know, 
alternating current, unlike direct current, changes its 
flow—first іп one direction and then in another direc- 
tion—at regular intervals. This varying of the magnetic 
flux in the coils results in an a-c voltage. What does 
this prove? Simply that all electromagnetic generators 
are based on the principles of an alternating current. 
This alternating current, which is developed in the 
armature of a simple electromagnetic generator, may 
be delivered to an external electrical circuit in one 
continuous flow by means of a commutator mounted 
on the armature shaft. It then becomes a direct-current 
generator, The illustration of the two elementary gen- 
erators in figure 1-31 will illustrate what we mean by 
this statement, 


The principle difference in the two generators shown 
is the method in which the generated energy is taken 
from the generator. In the а-с generator, the energy is 
taken from the slip rings; in the d-c generator, it is 
taken from the commutators. Both methods will be 
explained later. But for the time being let's keep in 
mind that internally both types of generators produce 
electromotive force—electrical voltage—by the same 
method, and both produce а-с electricity. 


BASIC A-C GENERATOR. 


The basic thinking behind an electromagnetic generator 
was introduced earlier, where you learned that whenever 
lines of magnetic force are cut by a conductor, such as 
а wire, passing through them, a voltage is produced in 
the conductor; and the strength of the voltage is 
dependent upon the speed of the conductor and the 
strength of the magnetic lines of force; and, if the ends 
of the wire are brought together to form a closed loop, 
a current is induced in the conductor. 


The simplest form of a generator is the one shown on 
figure 1-31. It consists of a conductor formed into 
a loop, ABDC, and is located in the magnetic field 
between the poles (north and south) of an electro- 
magnet. The two ends of the loop are connected to the 
slip rings x and y and they in turn make contact with 


two brushes which are connected to the resistor R, or 
load. 


Тһе sequence diagram in figure 1-32, will take the loop 
through one clockwise revolution. The output voltage 
of this revolution will be indicated in degrees of rota- 
tion on the waveform chart, Remember that the result- 
ing electricity formed will be а-с, 


This is our simple type generator, as shown in figure 
1-31, making a complete cycle of 3609. Its single 
turn coil, or loop, is suspended in a magnetic field; its 
polarity, north to south, Тће two ends of the loop, as 
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Figure 1-31. Elementary A-C and D-C Generators 


we mentioned before, are connected to the slip rings 
x and y. These rings are attached to the shaft, which 
rotates the coil, and are electrically insulated from one 
another. A stationary brush—made of either carbon ог 
metal—rides on each slip ring, making a constant elec- 
trical contact with it as the сой rotates. It is through the 
slip rings and their brushes that the voltage generated 
in the coil is transferred to the load, shown as a resistor. 


The Generation of Voltage. 


Тһе desired voltage, to produce the current delivered 
to the load, is generated by rotating the coil in a mag- 
netic field at a uniform rate of speed. Let's assume that 
our coil (see figure 1-31), is to be rotated in a clock- 
wise direction. In position 4, we find that the voltage 
induced in the coil is zero; the coil side DC and AB are 
not cutting the lines of force, but are traveling parallel 
to their direction. As the coil begins to rotate farther, 
it starts to cut the lines of force, and as the cutting 
angle increases the lines of force are cut at a greater 
rate of speed. What happens? The voltage induced into 
the coil keeps increasing in magnitude, And by the time 
the coil reaches the 45? position, view (B), the sides 
of the coil cut the lines of force at such an angle that 
the voltage induced in the coil has a magnitude shown 
at point b on the waveform chart. 


Now, when the coil rotates to the 90? position as shown 
in view (C), the sides of the coil are traveling perpen- 
dicular to the lines of force. At this position the lines 
of force are being cut at the greatest rate of speed. 
On the waveform chart you can see that the magnitude 
of the voltage being induced in the coil at this point 
is maximum. But, the coil does not stop here, it con- 
tinues on until it reaches the 135? position, view (D) 
—the same position it held when it began its cycle at 
view (B). As it moves on, you can see how the cutting 
angle starts to decrease, and at point 4 on the chart 
the voltage has also begun to decrease. The magnitude 
of the voltage at both views (B) and (D) are the same. 
From here on, the rate at which the sides cut the mag- 
netic field diminishes until the coil reaches the position 
in view (E) at which time the voltage becomes zero. 
The coil has traveled one-half its cycle. 


Let's recap a little, during the first half cycle, as the 
coil side 4B moved down through the magnetic field, 
DC moved up through the field. А voltage was induced 
in D toward C, and іп 4 toward B, These two voltages 
added together in series make brush x positive and 
brush y negative. The current then must flow out of 
the coil side AB into the load in the direction of the 
arrow and back into the coil side CD. In the external 
circuit of a generator, the current always flows from a 
negative potential to a positive potential, 
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Figure 1-32. Cycle of A-C Generator 
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In the rotating coil of a generator, however, our elec- 
trons flow from the positive to the negative terminals. 
This is just the opposite from their flow in the external 
circuit of the generator. The reason for this is the con- 
füsed state of our molecules at this point, and this is 
caused by a mechanical force being exerted upon them 
rather than by the electrical potential that forces them 
through the coil. 


During the final half of the coil's cycle, the coil sides 
АВ and CD travel through positions e to і, which as 
you can see, cut the lines of force at the same rate and 
same angles as they approach the corresponding posi- 
tions of the first half of the cycle. The magnitude of 
the induced voltage varies in the same manner in both 
cases; however, there is one important difference during 
the- last half of the cycle—the coil side AB is now 
moving up through the opposite (negative) side of 
the magnetic field, while CD is moving downward 
through the former path of AB. The polarity has been 
reversed. What happens then to the voltage and current? 
It's rather simple if we give it some thought and remem- 
ber some of our fundamentals. The magnitude of the 
voltage and current varies in the same manner that they 
did іп their first half cycle—from zero to maximum and 
back to zero—their direction 15 all that has changed, 
they simply reversed themselves. This is reflected in 
the waveform chart from the 180? position to the 
360? position. 


ELECTRICAL DEGREES VS MECHANICAL 
DEGREES. What we have been talking about is опе 
complete cycle of alternating current. It is divided into 
360 equal units which are called "electrical degrees." 
The coil actually rotated through 360 mechanical 
degrees, or two alternations об 1809 each, thus gener- 
ating a varying voltage through 360 electrical degrees. 
It should be clear, then, that one electrical degree in a 
basic alternating-current generator represents the same 
time interval as one mechanical degree. 


A PRACTICAL A-C GENERATOR. 


The elementary a-c generator just discussed can be 
expanded into a practical a-c generator by increasing 
the number of poles. Now we must bring the term arma- 
ture into this discussion, You undoubtedly are familiar 
with it, but before going on let's define it. А simple 
armature is nothing more than the сой we have been 
talking about in our basic a-c generator. The conductors 
mentioned above are merely addition loops. In a prac- 
tical a-c generator, the armamture consists of a flexible 
steel shaft on which are located a soft iron core and the 
armature windings, or loops. 


А practical a-c generator which has a single set of coils, 
all of which are connected in series so that the electro- 
motive forces are added together, is called a single- 
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Figure 1-33. Output of а Three-Phase 
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phase generator, and its output is called a single-phase 
current, If, however, a generator armature is divided 
into a number of sets of coils (so arranged that the volt- 
age output of each reaches a maximum point or а тіпі- 
mum point at different positions, as the loop or armature 
rotates), we have what is called a polyphase generator. 
And so we arrive at a point in our discussion which is 
of the utmost importance to us, the three-phase gen- 
erator. It is this type of а polyphase generator with these 
sets of coils, which is used in the a-c system of the 
Е-102А. 


THE THREE-PHASE GENERATOR. 


Because of the heavy current taken from the armature 
windings in a three-phase generator, and because from 
four to six brushes are usually needed, the armature in 
this type generator is usually stationary. It is the mag- 
netic field that rotates, producing three phases of volt- 
age with but one set of brushes. The wave forms of this 
voltage differ from each other by one-third of a cycle, 
or 1209. The waveform chart in figure 1-33 illustrates 
this difference in output. 


Аз previously mentioned, the principle difference 
between an a-c generator and a d.c generator is the 
method used in connecting their external circuits; the 
a-c generator is connected to the slip rings, the d-c 
generator to commutators. Ал a-c generator and a d-c 
generator then are identical in the way they generate 
voltage in a rotating loop. If the current is taken from 
the loop by slip rings, you have alternating current and 
the generator is called an a-c generator. If the current 
is collected by a commutator, you have direct current 
and the generator is a d-c generator. 
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Figure 1-34. Elementary D-C Generator and Output 


D-C GENERATOR. 


As you were previously told, to convert our simple 
alternating-current generator into a direct-current gen- 
erator, it is necessary only to replace the slip rings with 
a commutator, A commutator is a ring cut in two halves. 
These halves are insulated from each other and are 
connected to one end of the generator coil. The com- 
mutator serves to reverse the connections of the loop 
to the external circuit. This is achieved by means of 
brushes used at the instant that the polarity of the 
induced voltage in the loop coil reverses. This can be 
seen in figure 1-34 which shows an elementary d-c gen- 
erator and its output. 


Now, how exactly is a direct current produced? If the 
brushes we have mentioned are set so that each half 
of the commutator moves out of contact with one brush 
and into contact with the other, right at that point when 
the loop is passing through the positions we used to 
illustrate one cycle of an a-c rotation, and when the 
induced voltage is at minimum, the generator will pro- 
duce a 4-с voltage. In this particular generator, how- 
ever, the current is not smooth; it pulsates, as can be 
seen in the waveform chart of figure 1-35. 


The minimum point of contact with our imaginary line 
is sharp and reverses positively. It is not sweeping from 
positive to negative as is the curve in an alternating 
current output. How is this compensated for? If we had, 
instead of just two commutator segments and a single 
loop, many commutator segments and a number of coils 
—with the end of each coil connected to a different 
segment and provided the coils are so placed that several 
of them are always in, the maximum position—the gen- 
erator would generate a much more steady current (see 
figure 1-35). This is the d.c generator we are most 
interested in; so let's call it a practical d-c generator. 
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Principles of Practical D-C Generators. 


There has been а lot said so far concerning electro- 
magnets. In fact, the main heading of this section of 
the manual is: The Production of Electromotive Force 
by Electromagnetic Induction. The simple generators 
that we have discussed operate with an armature con- 
sisting of a loop of wire rotating between the poles of 
permanent magnets. And as you know, a permanent 
magnet can be made by striking a piece of hardened 
steel with a natural magnet. This permanent magnet 
can be used to magnetize another piece of steel, and 
the process can go on indefinitely. It is the electromagnet 


in an airplane generator which supplies the magnetic 
field. 


This electromagnet is made up of a laminated iron that 
is capable of strong magnetism. Remember our discus- 
sion concerning hysteresis? The hysteresis loss due to 
heat, when our molecules are in a state of hysteria, is 
due to being aligned first one way and then in the 
other. It is the lamination of the electromagnet which 
cuts down on this hysteresis loss; and on these lamina- 
tions, called pole pieces, the field windings are placed. 
These pole pieces are then mounted to the field frame 
which forms part of the field's magnetic circuit. The 
current for the electromagnet is supplied by the gen- 
erator itself. 


Four-Pole Field Structure. 


Figure 1-36, shows a four-pole field structure along with 
its resulting magnetic field. The electromagnets consist 
of the coils, which we mentioned above, wound on a 
soft iron core. By varying the applied voltage, it is 
possible to vary the strength of the field of the 


electromagnet. This process controls the output of the 
generator. 
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Figure 1-35. Cycle of D-C Generator 
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Figure 1-36. Field Structure of a 
Four-Pole Generator 


BRUSHES. Usually, the number of brushes in a gen- 
erator is equal to the number of poles. Each brush is 
located approximately halfway between each pair of 
poles. The positive brushes are connected together to 
form the positive output, and the negative brushes to 
form the negative output. This arrangement in a four- 
pole generator provides four parallel paths through 
which the armature current flows, and also lowers the 
internal resistance of the machine. The voltage gener- 
ated is the voltage of any of the parallel paths. The 
current capacity is equal to the sum of the current 
within the four paths. 


THE SELF-EXCITED GENERATOR. А generator 
which supplies its own field current is called a self- 
excited generator. The reason for this term is that when 
the power plant in an airplane is started, the generator 
armature turns over cutting a small amount of magnetic 
flux (those lines of force) which has been retained in 
the pole pieces. This residual magnetism causes a small 
induced voltage to be developed іп the armature. The 
current flow from this voltage, naturally, strengthens 
the magnetic field, thereby producing a higher induced 
voltage in the rotating armature. The higher voltage 
results in a still larger current in the field coils. Unlike 
our simple battery circuit flowing through the coil and 
held back by its counter voltage, the aircraft generator 
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builds up to its final voltage and current value almost 
instantaneously. Self-excited generators are classed 
according to the type of field connections they employ. 
We shall get to generator classification in a moment. 


ARMATURE WINDINGS. The more armature wind- 
ings an airplane generator contains, the greater the 
generated voltage and the more constant is its output. 
Constancy of output is what we want. This is achieved 
by the appropriate spacing of these windings. And when 
carefully engineered, an almost steady direct current is 
developed. There are, however, slight pulsations still 
in evidence, but these cause no serious effects for most 
power purposes. These are called commutator ripples 
and cause considerable disturbance in the radio equip- 
ment. These ripples are eliminated by a condenser or 
capacitor, connected across the generator, The condenser 
builds up the low values of the output voltage апа 
lowers the higher voltages, thereby equalizing the 
rippling and smoothing the voltage to a point where 
radio interference is minimized. 


GENERATOR RATINGS, 


An airplane generator, or for that matter any generator, 
is designed to operate at a specified voltage. The rating 
is usually given as the number of amperes the generator 
can safely supply at its rated voltage. For example: the 
Е-102А direct-current generator operates at 30 volts and 
delivers to the buses, at the minimum rate of speed of 
4000 rpm, 200 amperes of current. To further describe 
it; it is a four-pole, shunt-wound generator which has 
interpoles, and compensating and equalizing armature 
windings. The regulation of the generator output is 
described in Chapter II, of this supplement. Let's take 
à look at some types of generators. 


TYPE CLASSIFICATION OF D-C GENERATORS, 


There are three types of d.c generators: series, shunt, 
and compound. These classifications are given them 
according to the relation of the field windings they 
employ со their external circuit. 


Series-Wound. 


In the series-wound generator, the field coils are con- 
nected in series with the armature. The current that 
flows in the load (the external circuit) also flows 
through the field coils. This type generator has such 
poor regulation that it is never employed in an airplane. 
But it might be a good idea if we learned why it has 
poor regulation and why it is not used as such, for it 
may help us understand the other types better. 


Briefly then, the field coils in this type generator are 
composed of a few turns of large wire, which make 
them very low in resistance, The magnetic field strength 
is obtained from the current flow rather than from the 
number of turns in the coils. It is for this reason, that 
series-wound generators have very poor voltage regula- 
tion under a changing 1044. 
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Figure 1-37. Types of Generators 


Let’s explore this a bit further. The greater the rate of 
displacement of current flowing through the field coils 
to the load, the greater is the emf and the terminal 
voltage, or output voltage. In other words, when the 
load increases the voltage increases; and when the load 
is decreased the voltage is decreased. Thus with such 
variation in the strength of the magnetic field and 
resulting lack of a constant output, the series-wound 
generator cannot be used in airplanes—the electronic 
communication and navigation systems require a con- 
stant voltage and this alone is reason enough for not 
using this type generator. 


Shunt-Wound. 


The word "shunt" means to by-pass. A generator whose 
field windings are connected in parallel with the arma- 
ture terminals is called a shunt-wound generator. Its 
field coils contain high resistance windings, consisting 
of many turns of small wires, and produce a maximum 
voltage output only under no-load conditions; conse- 
quently, the voltage drops with the load. There are two 
reasons for this undesirable voltage drop under load. 


First, all of the increase in the load current flows 
through (һе armature. And if the armature resistance 
(R) is constant, the increase in current makes the IR 
drop greater. And as you recall, IR drop = the cur- 


rent X resistance. In this case the internal resistance of 
the armature decreases the output voltage. 


The second reason is a result of the first reason, This 
lower voltage allows the field current to decrease, 
thereby decreasing the magnetic field. Thus, the output 
voltage drops a little more, and this again is a disad- 
vantage because of the variation in output voltage. 


Compound-Wound. 


Тһе illustration figure 1-37, will give you a clearer ріс- 
ture of what we have been talking about in the series 
and shunt-wound generators, as well as the one we are 
about to discuss. 


А compound-wound generator has both a shunt and а 
series field. The shunt field coils are connected across 
the external load as in the shunt-wound generator illus- 
trated in figure 1-37. The series winding is connected in 
series with the external circuit, Іп other words, both 
series and shunt fields are employed simultaneously. 
These series windings contain from a fraction of a turn 
to only a few turns of heavy wire. These are wound 
on the pole pieces so that the magnetic flux they pro- 
duce is added to the flux produced by the shunt wind- 
ings. Therefore, since the series field is in series with 
the external load circuit, the same amount of current 
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flows in the load circuit as flows in the series field wind- 
ing. When the load is increased, more current flows 
through the series field winding, thus causing an 
increase in the strength of the field in which the arma- 
ture rotates. Ап action of this sort tends to increase the 
generator output; and by the same token, any losses due 
to voltage drops in the generator increase as the load 
increases; however, the terminal voltage remains the 
same or constant, This is exactly what we are looking 
for in an airplane generator, The shunt-wound genera- 
tor alone ís not suitable for rapidly fluctuating loads if 
a constant voltage is desired, But, іп the compound- 
wound generator, and this is its principle advantage, 
we have a generator whose terminal voltage varies less 
with a load than do any of the others. 


SUMMARY. 


In this chapter you learned why your exact electrical 
knowledge is essential to maintain the Е-102А, You 
were given a brief resume of what you will encounter 
in its electrical systems. And then, as a review, the three 
branches of electricity were covered. Next came energy, 
work, and how the electrical nature of things are put to 
work. This introduced the nature of the molecule, the 
atom and its structure, and electricity's most important 
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product: the free electron —the smallest particle of nega- 
tively charged electricity known to man. Then, we 
reviewed how these electrons work when electromotive 
force is produced by chemical reaction—the storage 
battery, or the blood bank for the F-102A 4-с electrical 
power system. 


We then returned to a broader study of magnetism— 
the atom again—because without an understanding of 
electromagnetism, our final section of the chapter would 
have been worthless. So at this point, in our study of 
the F-102A electrical power systems, we should know 
that electrical energy is highly convertible, conveyable, 
and controllable. We know what makes it, how it is 
made, and where it comes from—we have it in the palm 
of our hand. Let's put it to work; let's take this electro- 
motive force, difference in potential, voltage—the elec- 
trical current—and find out how it is distributed 
through the electrical systems of the airplane. 


How it is conveyed and how it is controlled and 
converted once again, will be the primary concern of 
Chapter П. Again, keep in mind: on your electrical 
knowledge bangs the successful completion of а mis- 
sion — tbe safety of the pilot and the airplane itself. 
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Тһе best power and distribution system for any airplane 
is one tailored to meet the particular demands of the 
particular airplane. This is true of the F-102A, and as 
we said earlier, new developments make new demands 
on men. How reliable an airplane's power system is 
depends on the inter-connected network which distrib- 
utes the electrical current demanded by this or that 
circuit. This is particularly true of systems such as those 
the Е-102А carries—where there are two or more routes 
of power to the important loads; and when an emer- 
gency arises, the airplane can still function efficiently 
even though this efficiency is limited to minutes. But, 
when we think of the speed at which the F-102A travels 
and its cruising radius, even 12 minutes can be a life- 
time. And if you will remember, this is the maximum 
life of the storage battery in the F-102A's d-c power 
system under ideal emergency conditions. 


In the preceding chapter, you learned that whenever a 
conductor moves in a magnetic field in such a way as 
to cut lines of force, voltage is induced in the conductor. 
When the output from the conductor is taken from slip 
rings, you will recall (from our discussion of generator 
principles іп Chapter 1) that the output is ап alternat- 
ing current. In an alternating current, the voltage rises 
and falls, and reverses polarity every half cycle. The 
magnitude of the voltage is also constantly changing. 


On the other hand, when a voltage is induced into a 
conductor and the resulting output is taken from a 
commutator, the current is constant in magnitude and 
direction, and we have direct current. Direct current 
changes its magnitude only when the circuit is open or 


closed. So that the wave forms taken by these two cur- 
rents remain firmly fixed in your mind, let's compare 
the wave forms shown in the illustration, figure 2-1, 
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Figure 2-1. Wave Forms ої Direct and 
Alternating Current 


The differences in these wave patterns are due to the 
difference between the output of a direct-current genera- 
tor and alternating-current generator and the change of 
polarity in their brushes. In a d-c generator the polarity 
of the brushes remains unchanged. In an a-c generator 
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on the first half of its cycle, or the positive alternation, 
the polarity of the brushes is positive; in the second half 
of its cycle, or negative alternation, the polarity changes 
to negative. 


POWER DISTRIBUTION IN THE F-102A. 


Тһе power distribution systems in the F-102A are funda- 
mentally the same as those used in other modern high 
speed, high altitude aircraft. In Chapter I, the power 
systems installed in the F-102A—their sources and соп- 
trols—were given you in capsule form. The reason for 
such a thumb-nail sketch of these systems was to famil- 
iarize you with what we would be talking about іп this 
manual. From now on we will give you knowledge of 
them and how they function. You already know that 
electrical energy is convertible, conveyable, and con- 
trollable; you know what makes it, how it is made, and 
whete it comes from. In this chapter you will learn how 
it is distributed through the electrical systems of the 
Е-102А. And keep in mind that the more deeply rooted 
you are in all things of which distribution systems are 
comprised, the better able you are to perform your job. 


In Chapter I, we said that the F-102A uses a сопуеп- 
tional 28-volt, single-wire, ground return direct-current 
system. What is meant by this? Simply that when an 
airplane is properly bonded, the metallic structure of the 
modern airplane provides an excellent return path for 
most of the circuits used. The voltage drop of the path 
for this system is negligible. The main advantages in 
such a system should be clear enough—simplicity and 
the weight saving factors. And as you probably know, 
a large part of the weight in any aircraft electrical sys- 
tem is in its wiring. The principle behind this system is 
shown in figure 2-2 which depicts a simplified version 
of a common single-wire d-c system. 


The Е-102А also uses а 115/200-volt, 3-phase, 400 cycle 
а-с system, and a 26-volt, single-phase, 400 cycle a-c 
system. It receives its initial voltages from a 30-Куа, 
120/208-volt, 400 cycle generator. Just what does this 
mean? If you recall, in an a-c system a number of dif- 
ferent voltages are required. We obtain these voltages 
with transformers, as needed within the power systems. 


In the case of the Е-102А, two transformers are used; 
for example, the voltage requirements of certain instru- 
ments such as the fuel flow transmitter and the hydraulic 
pressure indicator are much lower (26V) than those 
(115V) required by the attitude gyro or the instrument 
panel lights. The type of generator used when a single- 
phase load is required, is usually a 208-volt, 3-phase, 
3-wire system, having a voltage from line to ground of 
120 volts, This is essentially the generator used in the 
F-102A’s a-c system. For its emergency a-c supply, а 
l-kva, 120/208-volt hydraulically driven generator is 
used. The d-c system, in which we are particularly inter- 
ested at this point, is supplied by a 30-volt, 24 ampere- 
hour, lead acid-cell battery for emergency power. We 
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discussed the fundamentals of this battery and the fac- 
tors governing its life in Chapter I. 


During normal inflight operation, both the a-c and the 
4-с generators furnish regulated power to the essential 
and non-essential buses of the power distribution sys- 
tems. This power is distributed by means of feeder lines 
to the essential and non-essential buses. These buses in 
turn supply the electrical power through connecting 
wires to the operating electrical components throughout 
the airplane. 


Stick your head into any compartment of the F-102A 
and you will find thick bundles of wire, all numbered 
and all identified by code. These bundles are distribut- 
ing the power needed to bring the Е-102А to life with 
enough wire to electrify fifteen average modern homes. 
Today, so many units of an aircraft are operated by 
electricity that the electrical systems are as important 
as the nervous system in the human body; and the 
F-102A is what might be called a unit airplane. 


This chapter will deal with the distribution of d-c power 
in the F-102A airplane the circuits used and their pro- 
tection and the d-c generator system and its control. 


D-C POWER CIRCUITS. 


In Chapter 1, you learned that if a greater voltage is 
needed, a number of cells in a battery are connected in 
series—the negative terminals of each cell to the positive 
terminal of the succeeding cell. Now what about the 
current? Is it higher, or does it stay the same? If the 
voltage of a battery is equal to the total voltages of 
the individual cells, why isn't the current proportion- 
ately greater? This shouldn’t be difficult to figure out 
when you know that the unit of emf is the volt and that 


CLOSED CIRCUIT 


METALLIC STRUCTURE 
OF AIRPLANE 


8Т/450245А 


Figure 2-2. Simple D-C Single-Wire Ground 
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Figure 2-3. Ohm's Law Chart 


a volt is the amount of electrical force or pressure 
required to maintain a current of one ampere (6.28 bil- 
lion billion electrons) through a resistance of one ohm. 
The current a battery can supply, when connected in 
series, is equal only to the current of the original cell. 


You also learned that when a greater current is desired, 
the cells are connected in parallel. However, in this 
arrangement the voltage is only equal to the voltage 
of one cell, and the total current is the sum of the 
individual currents. Why is this? Because, unlike the 
series connection, in the parallel connection the current 
of one cell does not flow through the other cells. АП 
the positive (+) terminals are connected together and 
all negative (—) terminals are connected together to 
form but one positive terminal and one negative termi- 
nal. Each cell must have the same voltage, otherwise a 
cell with a higher voltage will force current through 
the lower voltage cell and thus carry the greater part of 
the load. Combined, these two connections are what is 
called а series-parallel connection which provides both 
а greater voltage output and a greater current output. 


You found, when we discussed and classified generators 
in Chapter I, that series-wound generators lack constant 
terminal output voltages. You also learned that in the 
shunt-wound or parallel connected generator there are 
two causes for the instability of voltage output: the IR 
of the armature decreases the output voltage, and this 
lower voltage decreases the field current and in turn the 
magnetic field. The result—there occurs another drop of 
output voltage. If, however, we combine the series and 
shunt-wound characteristics we have a generator whose 
terminal voltage is fairly stable, and as you know, this 
is а series-parallel wound generator. 


We have reviewed briefly the basic principles behind 
series, parallel, and series-parallel connections within a 
battery and a generator. The magnitude of the electro- 
motive force, voltage or difference in potential, pro- 
duced by these two processes are what we are most 
interested in, and how the resulting flow of free elec- 
trons are pulled from a point of low potential to a 
point of high potential through an exfernal circuit. 
Let's divide the external d-c electrical circuits into three 
general classifications and discuss them—series, parallel, 
and series-parallel. 


SERIES CIRCUITS. 


The simplest form of an electrical circuit is the series 
circuit. In this circuit the current flow is the same at 
all points in the circuit. When you were first introduced 
to electrical fundamentals in electrical school, you 
learned there was a definite relationship between the 
voltage, current, and resistance of any electrical circuit 
or part of any electrical circuit. This relationship is 
expressed through the Ohm's law.' The chart shown in 
figure 2-3 will help you to refamiliarize yourself with 
its principles. 


In the series circuit shown in figure 2-4, three resist- 
ances, represented schematically by the symbol-yUv, аге 
Connected in series across a 24-volt 4-с battery. Аз сап 
be seen, series circuits are those having only one closed 
path for the flow of electricity. Let's rework this simple 
diagram and apply it to our single-wire, d-c, ground 
return system as illustrated in figure 2-2. This reworked 
diagram gives us a series ground return system as shown 
in figure 2-5. In both diagrams there is but one path 
for the current to follow, and even though the current 
is forced through each resistance, the current values are 
the same throughout the circuit. 
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Figure 2-4. 


Тһе total voltage drop in the circuit is equal to the sum 
of the voltages across each of the resistances. Let's 
assume that R, has a resistance of 2 ohms, R, has 
3 ohms, and В, has 1 ohm. What would the voltage 
drop be across each resistor? We know that the voltage 
is 24-volts d-c, and we know that there is a resistance 
of 2 ohms in R,. According to our Ohm's law chart, 
the method of solving this problem be: E=1 XR. 
But we do not know I nor do we know the current. 


Well, let's figure the current first: 1=Е, in this case, 


50, 1-2 Six being the sum of all resistance within 


the circuit, divided into emf which we know is 24 volts. 


Series Circuit 


So our current value is four amperes or Ус of the volt- 
age. To get back to our original problem, to find the 
voltage drop across each resistor, we would use: 


EZIXR 

E=4X2=8 volts 
E=43= 12 volts 
E=4X1=4 volts 


Adding these together we have the sum of the original 
power source, 24 volts. 


What does all this mean? Simply that the current (I) in 
a series circuit is always the same in all parts of a circuit; 
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Figure 2-5. Series Ground Return System 
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tlie total voltage (E) іп a series circuit is equal to the 
süm of the voltages across the different parts of the 
circuit, and that the total resistance (R) of a series 
circuit is equal to the sum of the resistances connected 


in series. 


Now suppose we have, within our series circuit, a lamp 
аг a motor and one or the other malfunctions. What 
happens to the current flow? It is, of course, interrupted 
completely and the other devices in the system fail to 
operate. 


Resistors. 


Before we become involved in a discussion of parallel- 
Circuits, let's get squared away оп resistors and their 
function within an electrica! circuit. 


Аз you know, any opposition to the flow of current by 
conductors or the electrical devices within a circuit, 15 
walled resistance. In Chapter I, we learned that: sub- 
stances characterized by their content of free electrons 
are called conductors; those characterized by the lack of 
free electrons are known as insulators. There аге other 
factors, however, besides the electron content of a con- 
ductor which decide the amount of resistance a con- 
ductor has— namely its length, cross-sectional area or 
circumference, and temperature. Regardless of these 
natural resistant qualities of conductors, it is usually 
necessary to reduce the amount of voltage applied to 
devices in a circuit and thereby reduce the rate of elec- 
tron flow. This unit which reduces the amount of volt- 
age is called a resistor. 


Ав you can see in figure 2-6, a resistor is usually cylin- 
Чгіса! in shape. Its construction varies with the resistance 
demands, Some are sections of carbon rod, some are 
combinations of carbon and other substances, and others 
are wire wound. One common form of a resistor is a 
length of high-resistance wire wound about a ceramic 
core which is usually an insulating, heat-resisting 
material, 


Resistors are marked by a color coding with the ohm 
value and percentage of tolerance, or power rating, 
printed on its coating. We shall discuss power and 
power rating after we deal with the characteristics of 
the parallel and series-parallel circuits. Resistors may be 
of the fixed type in which their value cannot be raised, 
or of the variable type. Variable resistors are called 
potentiometers, ог "pots," and rbeostats—both are 
adjustable to any amount of resistance within their 
capacity. 


Before going into more complex circuit analysis, we 
would like to interpose two laws for governing electron 
flow and voltage which we hope will improve your 
knowledge of electrical circuits. You are familiar with 
the basic concepts of the Ohm’s law and both of these 
fundamental concepts are an outgrowth of that law. 


ELECTRICAL SYSTEM 


Law of Continuity of Current. 


In our diagram of an undivided circuit or simple series 
circuit there are a number of ammeters placed at inter- 
vals within the circuit. Ас each point іп the circuit these 
readings would be identical. This is the proof of the 
pudding as far as the law of current continuity is con- 
cerned—to wit, an electrical current in an undivided 
circuit is the same at all sections of the circuit, Now, 
how does this law affect a divided circuit? Let’s look 
at the illustration figure 2-7, which shows a divided or 
parallel circuit. Here again we have ammeters dis- 
tributed throughout the circuit. What does chis prove? 
Simply the second part of the continuity law of current. 
The sum of Кү, Б., and R,,—the branches of a divided 
circuit—is equal to the current of the undivided part 
of the circuit, or 


R,+R,+R,=L, 
Kirchoff's Laws. 


A fellow by the name of Kirchoff, sometime between 
1824 and 1887, formulated from the Ohm's Law and 
the law of current continuity, two laws which can be 
used to solve any problem which may arise in an elec- 
trical network, 


We saw when discussing a simple series circuit how 
circuit values are arrived at by applying the Ohm's 
law. This is not only very difficult in a complex net- 
work of conductors, generators, and other electrical 
devices such as we have in the F-102A, Бис often impos- 
sible. Granted, these computations and engineering 
headaches may not be your concern at the moment. But 
they might be!—after all this is a manual which is sup- 
posed to tell you фош a thing works, why it works, and 
what it does when it works. So it is important for your 
knowledge of the strange behavior of electricity to 
understand what Kirchoff was talking about—it is very 
simple. 


KIRCHOFF SAID, ONE. The usual conventional 
signs to take current toward a junction point of a load 
element in a circuit or away from a junction point of a 
load element are: plus (--) when current is moving 
toward, and minus (—) when current is moving away. 
Let's actuate the master switch in the cockpit of the 
Е-102А. 


After the switch has been closed and the current has 
become constant in ali branches of the network, 
Kirchoff says as much electricity must flow away from 
any junction in a second as flows toward it. In other 
words, in any circuit the total amount of current leaving 
a given point must be exactly equal to the total amount 
approaching that point. 
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Figure 2-6. 
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Figure 2-7. A Divided or Parallel Circuit 


Taking a look at our diagram of a divided circuit 
(figure 2-7) we can see R,, R,, and R, are connected so 
that part of the current supplied by the battery goes 
through each of them. Kirchoff says, the current at 
point B must equal the sum of the currents through 
R, В, and К.. And this law applies ЭТЭ ої Фе 
number of resistors. 


KIRCHOFF SAID, TWO. When we discussed the 
simple series circuit we found that the voltage drop 
across each resistor is equal to the original voltage of 
the circuit, For example, we had a 24-volt battery con- 
nected across three resistors—R,, 2 ohms; and R,, 1 ohm. 
You found a drop of 8 volts across R,; 12 volts across 
R,; and 4 volts across R,. The sum of these drops 
equalled 24 volts, and 24 — 24 — O. Well, this is how 
Kirchoff formulated the second part of his law: that 
the total voltage drop around апу complete patb is 
equal to zero. To express it another way: the voltage 
between two points in a circuit is the same, no matter 
what path is taken to go from one point to the other. 
Now, let's take up the parallel circuits, 


Parallel Circuit. 


Most of the electrical devices in airplane electrical 
circuits are connected in parallel. In a parallel circuit 
two or more electrical devices provide independent 
paths through which our busy electrons flow. And, as 
we have learned from Kirchoff, the voltage across each 
device in parallel is equal, just as the total current in 
the circuit is equal to the sum of the currents flowing 
through all devices. 


If you remember, Ohm's law says that if a voltage is 
increased the current increases proportionately, and if 
the resistance is increased the current decreases pro- 
portionately. Therefore, if the total amount of current 


in a parallel circuit is greater than the current in any 
individual part іп the circuit, the total resistance of the 
circuit—as а whole—must be less than the smallest 
resistance in it. To clarify this: the more electrical 
devices or resistors connected in parallel, the greater the 
total current and hence, the smaller the resistance of the 
complete circuit. 


Electrical devices are connected in parallel to decrease 
the total resistance and to allow them to operate inde- 
репдепгіу. If one device in a parallel circuit burns out, 
the others can still operate. For example consider your 
Christmas tree lights. When a bulb burns out іп one 
of the less expensive string of lights, they all go out — 
this is a series connection. But, if a bulb burns out when 
they are connected in parallel, che others in the string 
continué to glow. 


In the illustration figure 2-6, we have the parallel cir- 
cuit we've been discussing. To find the total resistance 
of a parallel circuit the following method is used, Only 
two paths are solved mathematically at a time. 


Resistance of 1st unit X resistance of 2nd unit 
Resistance of 1st unit + resistance of 2nd unit 


R= 


For example: in the. above diagram three load units 
(resistors) are connected in parallel. If we want to find 
the total resistance for the first two paths, R, and R,, 
we substitute their values in the method used for finding 
the total resistance: 


Е (1 аан, = 0214 T jg ти 


Remember we said that, ". . . if tbe total amount of 
current in a parallel circuit is greater than the current in 
any individual part in tbe circuit, tbe total resistance of 
the circuit as а whole—must be less than the $imüllest 
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Figure 2-8. А Simple Parallel Circuit 


resistance in it.” Well, in chis instance 4 ohms was the 
smallest resistance in the circuit, So what do we do now? 
А 12—and а 4-ohm resistor is not necessary in this case, 
we simply substitute a 3-ohm resistor and redraw the 
circuit as illustrated in figure 2-9. 


Now what is the cotal resistance? 


R(1*2)XR, 3X6 18 _ 4 ohm 
R(42)*R, 346 9 9$ 


R= 
As you see the total resistance of the circuit is now only 
2 ohms, less than the resistance of any of its individual 
paths. If we redraw this diagram we would have. what 
As called an equivalent circuit to the one above, Now, 
what is an equivalent circuit? Well, it is nothing more 
than a circuit that could replace a particular circuit 
under certain conditions—a circuit of equal values, To 
carry this a bit further, if one circuit can replace another 
circuit —without altering іп any way the electrical opera- 
tion of the electrical system external to ‘that circuit — 
they are said to be "of general equivalence." 


When the load units in parallel have equal resistance, 
we reduce our method to: 
resistance of one unit 
Ку = ————— 


77 the number of units 


For example, in a parallel circuit with six, 5-ohm load 
units the ohm value would be: 


Ry = 5% ohm or .08333 ohm 


Equivalent Circuits. 


For emphasis, let's trace the circuit shown in figure 2-10 
back to our equivalent circuit just discussed. In this 
diagram there are three lamps connected in parallel 
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across à 24-volt source of power. The voltages were 
measured with a voltmeter and the current measured 
with an ammeter—they were found to be as indicated. 


Let's find the voltage drop across each lamp, the total 
current, the resistance of each lamp, and the total resist- 
ance, In the first place, a voltage in a parallel circuit 
is che same across each unit. Why? Because Kirchoff 
said, “... the voltage drop across each unit in a parallel 
circuit is equal to the original emf.” If you checked the 
voltage with a voltmeter—in parallel with the circuit— 
you would find that our friend Kirchoff was correct. By 
the same token, the total current (let's call it І.) in a 
parallel circuit is equal to the sum of the currents in 
each path; so referring back to our diagram we have: 


L=L +I +I; = 2+ 6-4-4= 12 amps 


MR. OHM AGAIN. To find the resistance of each 
lamp in the circuit, we return to our friend Ohm and 
divide the voltage across each lamp by the current which 


flows through it. If you refer to the Ohm's Law chart, 
this will read: 


К=т 
Therefore: R sub 1, would be equal to E sub 1 over 
(divided by) I sub 1, and with the numerical values 
substituted for the alphabetical values it would look 
something like this: 


24. 12 ohms 
ч 2 
In the same manner: 
Е, 24 — 
=т= = 4 ohms 
E, 24 
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Figure 2-9. An Equivalent Parallel Circuit 


О 


- 


81М502524 


ELECTRICAL SYSTEM 


Figure 2-10. Lamps Connected in Parallel 


‘There are two methods for finding the total resistance 
(Rz) in a parallel circuit when we wish to find equiva- 
lent circuits, First, let's do it the Ohm's way: 


In other words, the total resistance is equal to the total 
voltage divided by the total current. The Kirchoff way: 


= _ 12Х4 48 
R(land2)= R TR, 1294 16 


At this point in our discussion we assume that the cir- 
cuit we have been talking about is equivalent to that 
shown in figure 2-11. By combining R (1 and 2) and R,, 
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Figure 2-11. First Equivalent Circuit 


according to Kirchoff, the total resistance would now be: 


. R(1and2)XR, 3X6. 
C'R(iand2)9R, 73562 вто 

And when we redraw the above circuit it would look 
like that shown in figure 2-12. 


Rr 


Just what does all this mean? It simply means that the 
above circuit is equivalent to our circuit of three parallel 
lamps. This is because: current through a series circuit 
is the same as the current through each separate part; 
resistance of a series circuit is equal to the sum of the 
resistances through each separate part; and that voltage 
across a series circuit is the sum of voltages of the 


separate parts. 
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Figure 2-12. Final Equivalent Circuit 
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Figure 2-13. 


In a parallel circuit, voltage across а parallel circuit is 
the same as voltage across each parallel branch of the 
circuit. Current through a parallel circuit is the sum of 
the currents through all the branches. And, the resist- 
ance of a parallel circuit is less than the resistance of 
that branch having the smallest resistance. 


SERIES-PARALLEL CIRCUITS, 


We should know by now that іп a series circuit all the 
electrica] devices of a circuit are connected in tandem— 
one after the other. In other words, the positive (+) 
terminal of one device is connected to the negative (- ) 
terminal of the other, and so on down the line: +, —, 
+, з. In our discussion of parallel circuits we found 
the circuit divided into two or more branches—each 
branch carrying а separate fraction of the current. 
Another way of looking at it would be: all the devices 
in a parallel circuit are connected so that one-half of 
the terminals are fastened to a common point or to a 
common conductor, and the other half are tied into 
another common point or another common conductor. 
In this circuit if one or even two devices become inef- 
fective, the rest of the circuit will still carry the electron 
flow. 


In a series-parallel circuit some devices are in series and 
others in parallel. Figure 2-13 is a typical series-parallel 
connection. Note that there is a resistor in series with 
the four lamps which are connected in parallel. By 
measurement we found the resistances in each of the 
four parallel branches (R,, К», Ra, В.) to be 4 ohms— 
the original! power source being a 24-volt d-c battery. 
Let's find the amount of current flowing through the 
various parts of the circuit, 


To solve a problem such as this one їп a series-parallel 
circuit, you must first convert it to a series circuit by 
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Typical Series-Parallel Circuit 


substituting equivalent resistance for the parallel resist- 
ance, When you have done this, solve the series circuit. 


In the circuit of figure 2-13, the resistance in each of 
the lamps is 4 ohms. 1# you will recall our saying that 
when load units in parallel have equal resistance the 
method for finding the total resistance is reduced to the 
following equation: 


__ resistance ОЁ one unit 
Ку = 
the number of units 
Well, in this case we have four units of 4 ohms apiece, 


therefore, the equivalent resistance of the four lamps in 
parallel is: 


R4 = 4/4, or 1 ohm 


By substituting a 1-ohm resistor for the four lamps we 
have an equivalent circuit as shown in figure 2-14. 


You now have two resistors іп series across a 24-volt 
4-с battery and the total resistance in the circuit is 5 + 1, 
or 6 ohms. To find the total current in the circuit, our 
original problem, we revert to the Ohm's law: 

E 


Іш- 


R 


and by substitution we arrive at the amperage value in 
the círcuit: 


l= = = 4 amperes 
You know then, since the total current in the circuit 
must flow through the 1-ohm resistor, that the current 
through it is 4 amperes. Therefore, the current through 
all four lamps in our original circuit is 4 amperes, Since 
they all have an equal amount of resistance, the current 
through each lamp is 1 ampere. 


POWER. 


Energy is а commodity which can be bought and sold 
and power is the speed of the transaction. In апу trans- 
action—especially when energy, force, and speed are 
involved—a certain amount of frictional heat is 
éxpended. This is doubly true of electrical energy. The 
heating effect of electrical current is well known—we 
See it every day in heaters, toasters, your automobile 
cigarette lighter, and other comforting electrical appli- 
ances—it is electrical power at work. 


The Watt, 


Тһе unit of electrical power is the шай. Electrical 
power is the rate at which electrical energy in a circuit 
is expended, Another way of expressing the same thing 
—power is the rate of doing work and is equal to the 
voltage multiplied by the current in a circuit; or, power 
in watts — emf in volts X current (I) in amperes, or 
Р-ЕХІ. 


When the emf forces current through a conductor, the 
‘resistance encountered causes the conductor to become 
heated. This heating effect, as previously stated, is 
electrical energy. The power rating of a resistor, for 
example, indicates the maximum current that can flow 
through a resistor without danger of burning it out 
‘because of overheating. Let's take the simple series cir- 
cuit as illustrated in figure 2-15, and find the power 
rating of a particular resistor. In this simple series 
circuit the applied voltage (E) is 100 volts and the 
resistance of the resistor (R) is 2000 ohms. By using 
our Ohm's Law we find that the current is 0.05 ampere. 
Now when this current flows through R, power is 
expended. To find out just how much is expended we 
use our power formula, P= EXI: 


Р- 100 X 0.05 
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Figure 2-14. А Six-Ohm Equivalent Circuit 
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Figure 2-15. А Resistor Power Rating 


Р--5 watts, or the power expended. It stands to reason 
then, that if the current, voltage, and resistance of a 
circuit is considered, then power must also be taken into 
account. 


Horsepower. 


Electrically speaking, power is the rate of doing work 
and as you know is expressed in watts, А watt із the 
power consumed in a circuit when 1 ampere flows under 
an emf (pressure) of one volt. But power is measured 
in various units: an airplane engine for example is rated 
in horsepower and in turn thrust horsepower—one of 
the few things a reciprocating and a turbojet engine 
have in common. One horsepower is the rate of doing 
work in raising a 550 pound weight one foot in one 
second, And one horsepower is equal to 746 watts, The 
electrical power rating of the overall electrical power 
systems in the F-102A, if expressed in horsepower, 
would be somewhere in the neighborhood of 64 
horsepower. 


Rating of Electrical Devices, 


Electrical devices are rated—first according to the volt- 
age that should be applied to them, and secondly, accord- 
ing to the power they require. The simplest example 
of this is an electric lamp. One lamp might be rated as 
а 115-volt, 40-watt lamp; another as а 115-volt, 20 watt 
lamp. This means that both lamps require a 115-volt 
circuit, but that twice as much power is required to 
operate the first lamp as the second. As you already 
know, you can find the wattage of an electrical unit—the 
power it requires—by multiplying the current flowing 
through it by the voltage applied to it. As an example, 
in a piston engine's starter motor using 70 amperes and 
with an emf of 24 volts, there would be 1680 watts of 
electrical power. If you converted this wattage to horse- 
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Figure 2-16. Power Rating in a Series Circuit 


power by dividing by 746 watts (the electrical equiva- 
lent of 1 h/p), you would find this starter motor devel- 
oped approximately 2 horsepower. 


Power in Series and Parallel Circuits, 


То find the power consumed in a series-parallel circuit, 
you first determine the power used in each unit and add 
their power values together. In either a series or parallel 
circuit, however, the power used in each unit is equal 
to the voltage across that unit multiplied by the current 
through the unit: 


P=EX I= watts 


Let's draw our original series circuit that we used at 
the beginning of this discussion on circuits: substituting 
in our power formula to find the power used in each 
load unit; (see figure 2-16): 


P, = E, X L, = 8X 4= 32 watts 
P, = E, X L, = 12 X 4 = 48 watts 
P, = E, X L, = 4 X 4 = 16 watts 
Adding to find the total power: 
T,— P, + P,+ P,= 32 + 48 + 16 = 96 watts 


In a parallel circuit, to find the total power, the indi- 
vidual paths are solved first (see figure 2-17): 


Path 1: P, = Ех =24 Х 2 = 48 watts 
Path 2: P,= E X I,= 24 X 6 = 144 watts 
Path 3: P,ZEXI,—24X 4= 96 watts 
Тһе total power then is: 
P, = P, + P, + P, = 48 + 144 + 96 = 288 watts 
48 


'To summatize our brief and basic discussion of circuits 
—before we move along into circuit protective devices— 
let's figure out the box score in the fundamental prin- 
ciples of computing circuit value (see figure 2-18). 


CIRCUIT PROTECTIVE AND 
CONTROLLING DEVICES. 


There cannot be power distribution without adequate 
circuit protection; there cannot be power distribution 
without circuits to channel this power to the proper 
buses, where it is distributed to other circuits. The first 
part of this chapter was given over to a discussion of 
basic circuits, this section will be devoted to circuit pro- 
tective and controlling devices. 


The first four chapters of this manual are devoted to a 
discussion of systems of the F-102A, The discussion 
covers the sources of power to the essential and non- 
essential buses. Every switch, relay, fuse, circuit breaker 
(trip-free or non-trip), and other circuit protective, con- 
trolling or voltage regulating devices are of the utmost 
importance to your knowledge of the power systems 
installed in the F-102A, The devices about to be 
explained are applicable to both the a-c and d-c systems. 


CIRCUIT PROTECTIVE DEVICES. 


Аз you have learned in the first part of this chapter, 
if the resistance is extremely small, the current will be 
extremely great. And whenever you have a high rate 
of current there is a continuous danger of a short circuit, 
that is, if there is no control or protection. Let's cite 
an example. If the wires from a battery to a motor were 
to touch each other, a short circuit would result, What 
would happen? There would be a great deal of trouble, 
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Figure 2-17. Power Rating in a Parallel Circuit 


you can bet on that: the motor could certainly fail 
because practically all the current would be going 
through the "short circuit.” The sudden load thrown on 
the battery would either cause it to гип down, or the 
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rapid generation of heat by excess current flowing 
through the conductors would burn through the wires 
before the battery was completely dead, causing a dan- 
gerous fire hazard. 
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То protect airplane electrical systems from damage and 
failure due to excessive currents, protective devices such 
as fuses, circuit breakers, and various circuit protectors 
are incorporated into these systems. 


Fuses and Current Limiters. 


The fuse is perhaps the most common device used for 
everyday circuit protection. To "blow a fuse" has 
become a figure of speech. It is especially applicable 
early in the morning when the lights, the electric alarm 
clock, heater, radio, coffee percolator, and electric shaver 
are all buzzing and "perking" along in fine shape. Sud- 
denly, they all stop functioning at the same time—you 
have blown a fuse literally and figuratively. 


Well, anyway, a fuse is a strip of metal with an exceed- 
ingly low melting point. It is connected in series in the 
circuit which it protects, Its rating is based on the 
number of amperes it will carry. This rating represents 
the maximum possible current a particular circuit will 
carry, The capacity of the fuse will of course be greater 
than the requirement of the unit or units it protects—a 
15-amp fuse could not be used to protect a motor which 
requires say, 20 amps. Since a fuse is a protective device 
it is most important to use one that fits the need. 


In most fuses the metal strip is an alloy of tin and biz- 
muth. When this strip melts due to excess current the 
circuit is open, although a short circuit may have caused 
the overload. In figure 2-19 you will see a typical fuse 
used in the F-102A. A fuse whose metal strip is made 
of copper (usually a calibrated copper link) is called a 
current limiter. These, while essentially a fuse, will not 
melt on usual overloads, and can be said to isolate a 
particular circuit. Some current limiters will carry double 
its nominal rating and not melt until the current over- 
load is four or five times its rated current. For example, 
to permit circuits controlled by heavy duty relay switches 
(which. we shall discuss in a moment) to carry heavy 
current, and still protect them against short circuits, а 
current limiter is sometimes used. The two fuses most 
used in the Air Force are the "plug-in" and the "clip" 
types. The F-102A uses very few fuses, actually only six, 
and these are used in the fuel booster pump circuit. 


Circuit Breakers, 


A circuit breaker is an electrical device which breaks 
the circuit when the current reaches a predetermined 
value. Circuit breakers are used today almost exclusively 
in places of fuses, because they not only give circuit 
protection but also eliminate, in some cases, the need for 
a switch. In the F-102A they are used almost exclusively 
as circuit protection. 


The feature which distinguishes a circuit breaker from 
a fuse is the reset value—a circuit bréaker can be reset, 
а fuse must be replaced. As you know, there are several 
types of circuit breakers used in the Air Force. Those 
used in the Е-102А are in almost every case the trip- 
free, push-pull type. 
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These trip-free circuit breakers operate on a thermal 
(heat) overload principle. The contacts are closed, but 
as an amperage builds up in excess of the load capacity 
(5 to 10 amps usually in the F-102A) the bimetallic 
strip bends away from a catch on the contact lever and 
permits the contacts to open. However, once a trip-free, 
push-pull, manual-reset circuit breaker is tripped it can- 
not be overridden immediately. The cooling-off period 
for the tripping element is approximately one minute. 
When closing the circuit, it might be a good thing for 
you to remember that to insure relatching of the trip- 
ping element, you must pull the button out as far as pos- 
sible before pushing it to the closed position, Figure 2-20 
shows the construction of a trip-free circuit breaker used 
throughout most of the circuits in the F-102A. 


CIRCUIT CONTROLLING DEVICES. 

When we become more deeply involved in the a-c and 
d-c circuits of the F-102A, your knowledge of switches 
and relays will be of prime importance to your under- 
standing of the circuits. The chart on figure 2-21— 
showing the symbol designations used for switches and 
relays in the circuit diagrams of the F-102A—should 
Bive you a good idea of the number and the types of 
switches and relays that you should have knowledge of 
if you are to perform your task efficiently. 
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Figure 2-19. Typical Fuses 
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Figure 2-20. Typical Circuit Breaker 


The Switch. 


Aircraft circuits are equipped with switches to provide 
a quick and an easy way of starting, of stopping, and 
of changing the direction of the current flow. They are 
designed for specific usage within the circuits, with 
insulating qualities to carry the voltage as well as the 
current. 


Switch Designation. 


Spst, spdt, dpst, and dpdt—these are simply abbrevia- 
tions for switch designations used to save space and to 
avoid distracting your mind by the needless spelling out 
of repetitious words or phrases. It would be desirable if 
there were more of them. What do these particular ones 
stand for? Let's find out. 


In the first place switches are designated by the number 
of poles, throws, and varied positions. The pole of а 
switch is the movable blade which makes the contact 
апа closes the circuit, or which breaks contact opening 
the circuit. The number of poles is equal to the number 
of terminals by which the current can enter or leave the 
particular switch. 


The throw of a switch indicates the number of circuits 
each pole can complete through the switch. The number 
of positions in a switch simply means the number of 
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places the switch's actuating device may be set, to open 
a definite circuit, close a circuit, ot channel a new cur- 
rent flow. 


Because of the crude method of operation and because 
of exposed contacts, knife switches are seldom if ever 
used іп aircraft electrical systems. But, for the purpose 
of explaining the more commonly used toggle switch, 
they are most beneficial. In figure 2-21, we will com- 
pare—for the sake of clarity—the switch abbreviations 
found in the switchgear symbol chart with their knife 
switch counterparts. In this illustration, a switch through 
which only one circuit can be completed is designated 
as а spst, ос single-pole, single-throw switch. 


If two circuits can be completed through a single-pole, 
it is designated as a spdt, or single-pole, double-throw. 
А dpst, or double-pole, single-throw designation is a 
switch with two poles. In this type switch, two indi- 
vidual circuits can be completed through each pole. And 
finally, there are (һе dpdt’s, or those switches having 
two poles through which two circuits can be completed, 
and they are further described as double-pole, double- 
throw switches. 


Toggle Switches, 


A toggle switch, which comes to rest at either of two 
positions—cpening the circuit in one and completing it 
in another—is described as а two-position switch. On 
the other hand, if we have a toggle switch which is 
spring-loaded to the OFF position—one that is man- 
ually held in the ON position to complete the circuit— 
it is а single-position switch. A three-position toggle 
switch is one that will come to rest on any of the three 
positions, ON, OFF, ON. 


А normally open switch is one that stays open, except 
when it is held in the closed position. A normally 
closed. switch is one that stays closed, except when 
held іп open position. Both of the above types are 
spring-loaded to a particular position and when released 
trip to their original position. 


АП toggle switches are self-enclosed and are used in the 
airplane more than any other type switch. 


Pushbutton Switches. 


These switches аге more-or-less self defined, having one 
stationary contact and one movable contact, as shown 
in figure 2-23. The movable contact is attached to the 
pushbutton by an insulator. This switch is also spring- 
loaded and is the momentary contact type when snap 
action is required. 


Limit Switches. 


Figure 2-24 shows a normally closed limit switch, which 
is more commonly known as a microswitch, When the 
operating plunger is pushed in, the three-bladed spring 
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Figure 2-21. Electrical Symbols for Circuit Controlling Devices 
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Figure 2-22. Toggle Switches 
53 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


81М50263А 


Figure 2-23. Pushbutton Switch 


is pushed down and the contact point attached to the 
spring is separated from the fixed contact, thus opening 
the circuit. Microswitches open or close a circuit with a 
minimum of movement. À sixteenth of an inch or less is 
all that is required generally го move the tripping 
device, When used as limit switches, they are in most 
cases of the pushbutton variety. 


Rotary Switches, 


The rotary selection switch (selector or wafer switch), 
as the name implies takes the place of several switches, 
as you can see in the illustration, figure 2-25. By turn- 
ing the selection knob from one position to another, one 
circuit is opened and the other is closed. А rotary switch 
may contain a single wafer or several wafers depend- 
ing on the circuit requirements. An example of this 
is the armament selector switch which controls the arm- 
ament system of the F-102A; this selector switch has 12 
wafers mounted on a common shaft. In this way, a 
single movement of the shaft opens and closes a number 
of circuits. The number of circuits involved is only 
limited by the number of contacts on the wafers. 


Relay Switches. 


In our symbol chart (figure 2-21) you can see that relay 
switches are abbreviated in the same manner as toggle 
switches: spst, dpst, spdt, and dpdt. For example, spst 
(double break) means that we have a single-pole, single- 
throw relay switch with two sets of contacts—a double 
break—to open or close a circuit. 


THE RELAY SWITCH IN CIRCUITS. Relay switches 
are used for remote control of heavy-current circuits. 
They can be adjusted for the time-delay and sequencing 
factors in these circuits and others. Usually they are 
placed directly between the souce of power and the 
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Figure 2-24. Limit Switch 


units controlled so that the cables carrying high voltages 
will be as short as possible. This cuts down the possi- 
bility of fire as well as line loss. 


In Chapter I of this supplement, you learned the basic 
theory behind the helical coil or solenoid—that the 
magnetic field associated with this type coil is much the 
same as the field surrounding a bar magnet. The relay 
switch we are about to discuss is based on the funda- 
mental principles of those electromagnetic fields inter- 
twining the windings of a solenoid coil. 


In the F-102A, relays are used пос. only in the a-c and 
d-c power distribution systems, but in almost every other 
associated system in the airplane. For example, the d-c 
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Figure 2-25. Armament Selector Switch 
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Sources of power are connected to the d-c essential and 
non-essential buses through relays. The power is then 
distributed through circuit breakers—from the buses— 
to the various switches and relays that control the other 
dic powered electrical devices. The following are some 
of these relays which we will be talking about in the 
d.c system: the overvoltage relay which has an inverse 
time voltage characteristic consisting of a magnetic 
piston enclosed within a solenoid (its principles of 
operation will be discussed later in this chapter); the 
d-e warning relay, which connects the d-c essential bus 
to the master warning system through the power warn- 
ing circuit breaker, which in turn lights the master 
warning and the power failure warning lights when the 
d-c generator ceases to function; then we have the bat- 
tery relay, the d-c disconnect relay, and others which we 
shall get to at the appropriate time. 


The relays that control the a-c power system of the 
Н-102А аге used in much the same manner. Besides an 
overvoltage control, there is an а-с power failure relay 
and an a-c power disconnect relay whose function it is 
to connect the a-c generator to, and disconnect it from, 
the a-c buses. There are others, but for our purpose here, 
it is sufficient to acquaint you with some of them simply 
for future reference. Let's discuss for a moment, in a 
general way, some fundamental information concerning 
relays. 


RELAY SWITCH CONSTRUCTION. А relay switch 
consists of а coil or solenoid, an iron core, and fixed 
ór movable contacts. Small high resistance wires connect 
the solenoid coil terminals with the source of power 
usually through a control switch. When this switch is 
closed manually or automatically, ап electromagnetic 
field is set up around the coil. If you are not clear at 
this point, on just what an electromagnetic field about 
à coil is, it is suggested that you refer to "Electro- 
magnetism" of Chapter I and restudy that portion of 
the text dealing with electromagnetic fields. 


As you know, there are many types of relays with variety 
in construction—some large, some small, and some tiny. 
Some are of two coi! construction, others single. Then 
there are the a-c power frequency relays and differential 
protection relays used for protecting the a-c generator 
and its leads against line-to-ground and phase-to-phase 
faults, And as we have said before, all are usually used 
where heavy currents are involved. 


Ler's discuss the basic fundamentals of a «рас (single 
break) relay for a moment. The relay B in figure 2-26, 
will give you a good idea of just how it functions. As 
you can see, the iron core is fixed. The instant that the 
control .switch closes, the core becomes magnetized by 
the magnetic field set up around the coil. The mag- 
netic pull of the core—on the piece of soft iron which 
ав you learned in Chapter I, is highly susceptible to 
| magnetization and has a high degree of permeability— 
overcomes the force of the spring, drawing the spring 
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taut and closing the contacts of the relay, thus com- 
pleting the circuit, Technically, the movable contactor 
is called the armature. Perhaps you will recall our anal- 
ogy of a spring pulling a door shut. Well, when the 
control switch is opened, the field about the coil col- 
lapses, and the mechanical energy stored in the extended 
spring separates the contacts and opens the circuit. 


Basically, in а spst (double break) relay, part of the 
core is movable. Relay А in the illustration will show 
you this arrangement. The contacts on the "T" head 
of the core, while attached to the core, are insulated 
from ic. When the switch controlling this particular 
relay is closed, the magnetic field around the coil causes 
the movable part of the core to be drawn into the coil. 
You will remember that in Chapter I we said, ". . . the 
magnetic field of the сой will tend to center the core 
into the coil when the current is turned on." This strong 
magnetic field of uniform intensity compresses the 
return spring thus closing the contacts and completing 
the circuit. Again, as in the case of our dpdt (single 
break), when the control switch is opened the magnetic 
field about the coil collapses and the compressed spring 
returns the movable core to its original position, break- 
ing the closed circuit. 


There are some relays designed for continuous opera- 
tion; others for intermittent operation. А conventional 
starter relay, for example, is constructed to function 
intermittently and would overheat if used continuously. 
The battery relay switch in the F-102À, however, can 
be operated continuously; the coil assembly is wound so 
that it has a high resistance, and therefore will noc 
overheat readily. 


In any relay or electrical switch of any kind there will 
be a certain amount of arcing. It may be small or infini- 
tesimal, or it may be of more magnitude and result in 
burning the switch contacts. For this reason, the return 
springs used in most relays have high tension qualities, 
so they open or close circuits quickly. One exception 
to this is che spring used in most battery relay switches 
which have just enough tension to open the battery 
circuit after those units requiring heavier currents have 
been disconnected. 


F-102A D-C GENERATOR POWER 
SYSTEM. 


In the F-102A 4-с generator power system, the generator 
is mounted on the forward end of the constant-speed 
drive unit gear box. This generator delivers 200 amperes 
at a regulated 28 volts to the d-c buses even at its mini- 
mum speed of 4000 rpm. Its speed range, at present, 
is from 4000 to 8000 revolutions per minute. Its con- 
tinuous operating speed is rated at 6000 rpm, and its 
required maximum speed, for regulation, is 7000 rpm. 
This generator із a highly efficient 4-с electrical power 
plant that is capable of operating in altitudes in the 
neighborhood of 65,000 feet. 
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Figure 2-26. 


As you probably know, it has only been in the last 
few years that a satisfactory generator has been devel- 
oped to operate specifically from the high speed pads 
of a jet engine. Heretofore, generators were primarily 
designed for the 6000 rpm piston engine speed. 


In Chapter I of this supplement you were given the 
basic principles of generators—both d-c and а-с, What 
we have been talking about in the preceding sections of 
this chapter are more-or-less the basic factors governing 
the distribution of d-c power throughout the F-102A, 
or for that matter almost any interceptor, fighter, or 
bomber in the skies today. W'e have discussed 4-с сіг- 
cuits, their initial problems, and the devices for protect- 
ing and controlling those circuits—their voltages and 
current —from overloading or other faults. 
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Relay Switches 


То understand the d-c power system on the Е-102А, you 
must have a thorough knowledge of not only what has 
been discussed thus far, but particularly those sections 
we аге about to discuss, And like our review of the three 
basic kinds of electricity in the beginning of this man- 
ual, we cannot have exact knowledge of one section 
without exact knowledge of the other. Chapter I, cov- 
ered briefly, the practical d-c generator and its type clas- 
sifications—series-wound, shunt-wound, and compound. 


THE D-C GENERATOR. 


You are now entering a phase in your knowledge of the 
d.c power system in the Е-102А, where the practical 
application of the theory behind the production of elec- 
tromotive force (emf) will be of great value to you. 
You will find that all generators used in the Air Force, 
while they differ somewhat in design, have the same 
general construction and operate similarly. The reason 
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for this is of course the difference in manufacturers, but 
regardless of design whether they have two or three 
major assemblies—they must come up to the rigid 
specifications demanded by the Air Force. 


Figure 2-28 shows the components of the F-102A high- 
output 30-volt generator; a bit more complicated than 
our generators depicted in Chapter I, but the same 
ptinciples of operation apply, As you can see, there are 
but two major assemblies—the housing assembly and 
the armature assembly. The subassemblies are desig- 
nated as the support and brush holder assembly, the 
drive shaft assembly, the bearing cap and condenser 
assembly, and the brush assemblies. 


In electrical school you learned that most typical d-c 
Benerators are broken down into three major parts—the 
armature assembly, the field frame assembly, and the 
commutator end frame assembly, (see figure 2-29). In 
the generator we are interested in at the moment, we 
may speak of the field frame and end frame assemblies 
as being incorporated into one unit. The armature 
assembly is, and always has been, a single integrated 
assembly. Let's talk about this assembly first. 


Armature Assembly, 


This assembly consists of a hollow steel shaft on which 
are located the core, the armature windings and a 
commutator. 


The core is а soft iron cylinder of laminated construc- 
tion. By laminated, we mean a layered buildup of iron 
strips which, as you have learned, cuts down on the 
hysteresis loss, The core serves as the magnetic circuit, 
and at the same time the mechanical support for the 
armature windings which are placed in insulated slots 
running the length of the core. 


The armature windings, as you learned in Chapter І, 
are composed of a number of insulated copper wires. 
These are called inductors in which the voltage is 
induced through the rotation of the armature in the 
magnetic field. In Chapter I, you were told that the 
more windings an armature has, the greater the gen- 
erated voltage and the more constant the output. The 
ends of each winding are brought out to the commu- 
tator. Here, the coil leads, as they are called, are pressed 
into the commutator riser and hard-soldered, or, as in 
the case of the F-102A, silver brazed to the commutator 
risers, Because the rotation is exceedingly high in air- 
craft generators, binding bands are used to further safe- 
guard the coil leads from coming loose. It is, of course, 
the centrifugal force acting against these conductors 
which could and has caused a disconnect. In the F-102A 
Benerator we have a wedge-type armature construction 
—the conductors being secured in their slots by means 
of wedges in addition to the wire banding reinforcement 
at both ends of the armature. 
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The Commvutator. 


Тһе commutator іп an aircraft generator—unlike our 
fundamental machine in Chapter I— is made up of 
a number of hard-drawn copper segments, Hard-drawn 
simply means that the copper has been freed from iron 
particles by drawing a magnet through the copper mass, 
thereby giving it great hardness and by the same token, 
strength. The segments are insulated from each other, 
from the shaft, and from the commutator frame. It is 
most important that commutator insulation be unaffected 
by moisture, changes in temperature, and high altitudes. 
For this reason, mica is generally used as the insulator. 
Mica, while being hard and brittle, also has enough 
elasticity to fill the spaces between the commutator 5ер- 
ments as they expand or contract through temperature 
variations, 


Housing Assembly, * 


The housing assembly (or as it is designated in some 
generators, the field frame assembly), is the cylinder in 
which the generator field is located. At one time field 
frames were made of cast iron, but because of the weight 
factor and inferior permeability they are now con- 
structed of rolled, sheet steel. Located within the field 
frame are the polls on which the field coils are wound. 
These poles and coils coristitute the electromagnet which 
we explained in Chapter І. And if you will recall, the 
field coils are wound so that the poles—north and south 
—are to the right and left of each other. In this way 
the lines of force in travelling from their south to north 
poles must pass through the frame, which becomes part 
of the magnetic circuit. This is the main reason why 
frames must have a high degree of permeability and not 
be of the cast iron construction we spoke about earlier. 


Figure 2-27. F-102A Generator 
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Figure 2-28. Components of F-102A Generator; Model G35-5 
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Figure 2-29. Cutaway of Typical Aircraft Generator 


The commutator end frame assembly (in the illustration 
of the Е-102А generator, this is part of the housing 
assembly, see figure 2-28), forms a support for the brush 
holder assembly and armature. Its end flange serves as 
an attach pad for the air inlet housing. The air inlet 
cover may be attached in any one of eight positions 
depending on the location of the cooling air duct in 
relation to the generator installation in the airplane. 


The drive end of the F-102A generator housing assem- 
bly contains the armature bearings on which the arma- 
ture shaft rotates. It is the flange, or mounting head, 
at this drive end which secures the generator to the 
mounting pad on the forward end of the constant-speed 
drive unit. 


COMMUTATION. 


As you have learned—and it might be well to emphasize 
it again—the emf induced in any one coil of a direct- 
current generator is alternating. Therefore, for the cur- 
rent in the load circuit to flow in one direction only 
(d-c), rectification is necessary. And, as you probably 
know, to rectify means, to make an alternating current 
vary solely between zero and maximum in its wave form. 


The rotation of the commutator, with its many зер- 
ments, provides this rectifying action. In Chapter I (see 


"D-C Generator") we showed the complete cycle of a 
basic d-c generator and its output. At that time our 
discussion was brief, mainly because we felt that this 
was a more appropriate section in which to expand our 
discussion. The operation of a commutator can Бе under- 
stood by reviewing the complete revolution of a d-c gen- 
erator. Refer to "D-C Generator," Chapter I of this 
supplement. 


If you remember іп the rotation positions а to e, the 
current flows in the rotating coil from г? toward B, and 
D toward C, undergoing, during the process, changes 
in its magnitude from zero (о 180 degrees. Ас position e 
the coil completes a half-revolution, and at this point 
(e) the induced voltage is zero. 


During the second half-revolution the current flow 
reverses itself, And if you recall, at the moment the cur- 
rent in the coil sides, AB and CD, changes its direction, 
the commutator segments reverse their connection with 
the brushes. In this manner we have rectification—the 
electron flow through the load is the same in the second 
haif-revolution (from 180 degrees to 360 degrees) as 
it was during the first half-revolurion, In other words, 
in a d-c generator, even though the current flow in the 
coil is alternating in direction, the current flow in the 
external load is constant and in one direction due го 
the action of the rotating commutator. 
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Figure 2-30. Generator Without Interpoles, Generator With Interpoles 


FIELD DISTORTION, 


In a d-c generator it is the current flowing through the 
armature which sets up the electromagnetic fields in the 
windings. These new fields tend to distort—to bend— 
the magnetic flux between the poles of the generator 
from their usual straight line configuration. An example 
of what we mean can be seen in figure 2-30. Since arma- 
ture current naturally increases with load, this distortion 
becomes more pronounced as the load is increased, 
Suppose we analyze this statement. 


Armature windings in generators are spaced so that at 
certain positions during the rotation of the armature 
the brushes contact two adjacent segments on the com- 
mutator, thus shorting che armature windings to these 
segments. Now, if the magnetic field is not distorted 
as shown in figure 2-30, no voltage will be induced into 
these shorted windings and therefore no harmful effects 
occur, If, however, the field is distorted and a voltage 
is induced, considerable sparking takes place between 
the brushes and the commutator. This excessive sparking 
pits the commutator segments, and at the same time the 
wear on the brushes becomes unusually great. This, of 
course, reduces the normal output of the generator. The 
higher an airplane flies the more pronounced this 
becomes, and we have what is known as “commutation.” 
Fortunately, this fault has been reduced to a minimum 
through engineering “know-how,” 


Commutation has been minimized by three methods. 
First of all, engineers in correcting this condition found 
that if brushes are so positioned that the plane of the 
shorted coil (shown in figure 2-30) is perpendicular to 
the distorted field, the commutation fault is diminished 
considerably. There were, and still are, a few generators 
where the brushes can be manually shifted ahead of the 
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normal neutral plane to the neutral plane which is 
caused by field distortion. These adjustable-brush gen- 
erators, however, are not practical for aircraft use. They 
have been mentioned simply as a comparison to those 
more applicable to modern airplane usage, The gen- 
eratots installed in airplanes today are the non-adjustable 
brush-type. It is the manufacturer who sets the brushes 
for a minimum of sparking and a maximum desired 
voltage output. 


The second method of checking this excess sparking 
was by the addition of interpoles. Ап interpole is a pole 
placed between the main poles of a generator. It has the 
same polarity as the next main pole in the direction of 
the armature rotation. The magnetic flux produced by 
an interpole causes the current in the armature to change 
its direction as the armature winding passes under it. 
This cancels out the electromagnetic fields about the 
armature windings. How does this minimize field dis- 
tortion? It is very basic. We simply go back to our very 
important friend the atom, All normal atom structures 
are electrically neutral, the number of positive charges 
equals the number of negative charges—they are elec- 
trically balanced. In our present case, the magnetic 
strength of the interpoles varies with the load on the 
generator. So, if the field distortion also varies with 
the load, the magnetic fields set up by the interpoles 
must counteract the effects of the distorted fields about 
the armature windings, Another way of putting it would 
be: the interpole acts as an electrical balance tó keep the 
neutral plane in the same axis for all loads thrown on 
the generator. The generator used in the F-102A is a 
four-pole machine with interpoles. In generators of this 
class, field distortion, under normal flight conditions, 
is kept at a minimum for maximum efficiency. The life 
of the brushes is improved immeasurably by this method, 
and the output is kept at a constant level. 
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The generator brush was the third offender of commu- 
tation trouble, especially at high altitudes. The brushes 
used in the F-102A generator are what are known as 
“halide created" cord brushes, Halide is a binary, or a 
two-element chemical compound, usually consisting of 
chloride, bromide, iodide, ог flouride. When impreg- 
nated into the brush, halide acts as a scouring agent on 
the commutator at high altitudes, This cuts commutation 
even more and prolongs the life of generator brushes. 


While we are on this subject of brushes it might be a 
good idea to give you a little of the background behind 
the hurry and scurry of a few years ago, when it was 
found that above certain altitudes generator brushes 
became the real bugaboo of the aviation industry. It's a 
sad story, but it has a happy ending, thanks to engi- 
neering knowledge which resulted in the brush now 
used in the F-102A, whose operation at high altitudes 
makes unusual demands on brush efficiency. 


With the advent of World War II, serious generator 
brush trouble was encountered at altitudes of 25,000 feet 
апа above. The situation became so critical that high 
alticude flying and precision bombing had a very ques- 
tionable future. Brushes that would last several hundred 
hours under normal flight conditions would, in some 
cases, disintegrate in a matter of minutes. Fires, power 
failures and crashes resulced—lives were lost. Com- 
pletely new generators were installed for each mission. 
To simply replace brushes was too risky. А number of 
things were tried. Brushes were tipped with paraffin, 
soaked in compounds, impregnated, hardened, tested 
and retested until finally high altitude brush life was 
increased 50 times beyond that of the very best of previ- 
ous brushes, It was due to this research that we now 
have the “halide treated" brush. With halide treated 
brushes set for sparkless commutation, and with the addi- 
tional features of interpoles and compensating windings 
in the negative leg of the circuit, we should have, under 
most in-flight conditions, a constant voltage output at 
the generator terminals. If a generator is not loaded 
beyond its rating, and if the simple maintenance proce- 
dures outlined in Chapter III of this supplement are 
followed, it should give satisfactory service for hundreds 
of hours. 


Unfortunately, generators in the field do not operate 
under ideal conditions. There are climatic, high altitude, 
and dust-ladened atmospheric conditions, as well as 
tropical operations to be faced. Even with these 
abnormal operational characteristics, if proper preventive 
maintenance is used, few power failures will result; and 
а constant output at the generator terminals will make 


everybody happy. 


GENERATOR TERMINALS. 


On most aircraft generators, the electrical connections 
аге made to the generator terminals marked, B, A, D, 
and E, This is also true of the generator installed in 
the F-102A. 


ELECTRICAL SYSTEM 


Internally, the positive armature lead in the generator 
connects to the B+ terminal. The incernal wiring sche- 
matic, figure 2-31, will help you со follow this explana- 
tion. Аз you can see, the negative armature lead is con- 
nected through the interpole and compensating windings 
to the Е-- terminal. The positive end of the shunt field 
winding is tied into terminal A. The opposite end of 
this winding connects го the negative generator brush. 
In this manner, terminal А receives current from the 
negative generator brush through the shunt field wind- 
ing. This current then passes through the voltage regu- 
lator and back to the armature through the positive 
brush, Terminal E is connected со ground. 


You will remember, that in most airplanes, terminal D 
is used when two or more generators are operating in 
parallel. In the F-102A, where only one d-c generator 
is used, it is still designated as the equalizer terminal, 
but is connected го the low sides of the field relay trip 
coil through the d-c generator control panel, which we 
will get to in a moment. But first let's discuss the regula- 
tion of generator voltage generally, 


REGULATION OF GENERATOR VOLTAGES, 


Ac this point in our discussion ic should be quite clear 
that the efficient operation of the electrical equipment 
in an airplane depends on a constant voltage supply 
from the generator, Among the many factors deter- 
mining the voltage output of a generator, only one— 
the strength of the field current—can be conveniently 
controlled. The illustration. in figure 2-32, can best 
describe what we mean by this. 


If you set the rheostat to increase the resistance in the 
field circuit, less current flows through the field wind- 
ings, and the strength of the magnetic field іп which 
the armature rotates decreases. How does this affect the 
output? It too, decreases, But, if you decrease the resist- 
ance in the field circuit by regulating the rheostat, more 
current flows through the field windings which, of 
course, simply means that the magnetic field becomes 
stronger and the generator therefore produces a greater 
voltage. 


It might be a good thing to remember that a voltage 
regulator must automatically control generator voltage 
over a wide range of generator speeds as well as loads. 
This is especially true in a d-c electrical power system. 
But, whether we are talking about a direct-current or 
alternating-current power system, the volrage regulator 
cannot do the job alone, This brings us to the additional 
relays and protective devices that make up the 4-с con- 
trol panel used on the F-102A, 


F-102A D-C GENERATOR VOLTAGE 
CONTROL. 


Without voltage controls and reverse current protection, 
а d-c generator system is worthless, Circuit protective 
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Figure 2-31. F-102A Generator Wiring Schematic 


and controling devices were discussed at length in 
another portion of this chapter. The fuses, circuit 
breakers, and relays mentioned are as important to an 
electrical power system as the brakes and steering 
knuckle on your automobile. By the same token, air- 


planes as we know them won't fly without wings—they 
won't Ву, for very long at least, without the proper 
voltage controls, just as it was found that they wouldn't 


operate at high altitudes with the conventional pre-war 
carbon generator brushes. 


87503534 CURRENT FLOW = 


Figure 2-32. Generator Voltage Regulation by Field Rheostat 


62 


RHEOSTAT 


* VOLTAGE TEST JACK (RED) 


— VOLTAGE TEST JACK (BLACK) 
81М503504 


ELECTRICAL SYSTEM 


RELAY HOUSING 


OVERVOLTAGE TEST JACK (RED) 


Figure 2-33. F-102A D-C Contro! Panel 


THE F-102A D-C CONTROL PANEL. 


The d-c control panel in the Е-102А is in the nose wheel 
well. While it is easily accessible for testing and adjust- 
ment on the ground, it cannot be adjusted from the 
cockpit while the airplane is in flight. The simplified 
thinking behind this is, why bother the pilot with an 
extra gadget when there is no particular reason for 
having one—the panel functions automatically, There is 
no d-c voltmeter on this airplane either. Here again, 
there is no need. More than likely you have noticed that 
in some of the more modern automobiles the ammeter 
has been left off the dashboard. Instead, a small red 
light glows when the generator in the automobile is not 
producing. Once the emf has built to the proper magni- 
tude, the light flicks off and won't come on again until 
either the generator speed is below minimum rpm, or 
malfunction exists. In the Е-102А, however, the main 
line 4-с power system functions properly, or not at 
all. There is no half-way, or look-out-something-is-to- 
happen, warning, until the battery (the airplane's blood 
bank) starts feeding the essential bus. Мог unlike the 
dashboard light in an automobile, a d-c power failure 
in the Е-102А will be indicated automatically through 
the d-c power failure relay, which illuminates the 4-с 
power failure warning light in the cockpit of the plane. 


Тһе basic purpose of the control panel is to provide 
complete protection for the 28-volt d-c electrical system. 
As you can see in figure 2-33, there are two main divi- 
sions in the panel: the carbon pile regulator and, under 
cover, the various relays and other components which 
will be discussed further along in the text. 


As a flight-line maintenance man, the scope of your 
duties will rarely encompass overhaul or adjustment of 
the field relay, overvolrage relay, differential relay and 
other components found in this covered section of the 


panel. Nor will your duties necessitate overhaul of car- 
bon pile voltage regulator. You will however, be called 
on to adjust the output voltage of this regulator through 
the rheostat control, and to make periodic checks of the 
regulator output by connecting a voltmeter across the 
voltage test jacks marked, "VJ--" and "VJ—." The dis- 
cussion of this control panel will therefore deal with 
the reason for its existence in the system and the func- 
tions it performs in the system. 


CARBON PILE VOLTAGE REGULATOR. 


The carbon pile voltage regulator on the F-102A is 
adjusted to 27.5 volts. Its regulation limits are from 
26 to 30 volts, plus or minus 0.7 volts, What is the 
theory behind this adjustment? All other things being 
constant, the output voltage of our generator depends 
directly on the speed of the armature as it cuts those 
lines of force. The armature speed is sustained by the 
variable speed drive mechanism in the constant-speed 
unit, which in turn is affected by the varied speeds of 
the airplane power plant. Аз we discussed previously, 
the amount of field flux is determined by the field cur- 
rent. So, by controlling the field current, it is possible 
to control the output voltage. А variable resistance, 
therefore, іп series with the field winding іп the genera- 
tor can and is used as the controlling element. In other 
words, all that is needed for effective automatic voltage 
regulation is a suitable resistance device that utilizes the 
main line-voltage variations to control this resistance. 
We have this in the carbon pile regulator—the silent 
sentinel in the aircraft. 


In the cutaway of a carbon pile voltage regulator, fig- 
ure 2-34, you can see that the carbon pile itself consists 
of a stack of carbon discs. It is the resistance of these 
discs and the amount of air between them that deter- 
mines the efficiency of the regulators. If you were to 
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Figure 2-34. Е-102А Carbon Pile Voltage Regulator 
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Figure 2-35. Simple Carbon Pile Voltage Regulator 


insert a screwdriver into the screw's slot and turn it 
very slowly clockwise, the stack would be compressed 
and the air gap between the discs would be reduced, 
thereby reducing the resistant qualities of the regulator. 
What happens now to the voltage? Is it increased or 
decreased? Increased, of course. By turning the adjust- 
ment screw counterclockwise, the area between the discs 
is increased and the resistance is therefore increased. 
And the voltage! That's right! It is decreased. This 
adjustment procedure, however, would be used only in 
shop overbaul. The actual flight line voltage regulation 
is made at tbe rbeostat, which we shall cover later. 


The pressure on the carbon pile depends upon two 
opposing forces—spring tension and the action of an 
electromagnet. The spring tends to compress the carbon 
pile, and the electromagnet exerts a pull which tends 


to decrease the pressure. Actually, the voltage regulator 
is controlled by the electromagnet. The main winding 
of this solenoid is connected across the generator output 
voltage. The current flowing through this magnet coil 
depends on the output voltage of the generator, and 
decreases and increases with that voltage. The core of 
the magnet is so arranged that an increase of voltage 
releases the pressure on the carbon discs, while any 
decrease in voltage allows the spring and core to exert 
more pressure. If the generator output tends to rise 
above the voltage setting (set by the rheostat), the cur- 
rent flowing through the magnetic shunt windings will 
also increase, This increase in current produces an 
increase in attraction on the regulator's armature which 
reduces the pressure on the carbon pile. And the carbon 
pile, being in the field circuit, increases the field resist- 
ance. This increase of course reduces the current in the 
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Figure 2-36. D-C Control Panel Wiring Schematic 
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field and in turn, the output voltage. Now, if the volt- 
age output should fall below the voltage set by the 
rheostat, the entire action of the regulator, as we have 
explained it, is reversed. 


In summary, there are four advantages to using carbon 
pile regulators in aircraft: Perhaps the major benefit 
found in this regulator is its sensitivity and the resulting 
resistance changes which take place almost instantly in 
response to any fluctuation in generator output. 
Increased power capacity gives it a greater range than 
would the vibrating relay voltage regulator or one of 
the carbon-plate types. Radio interference is also mini- 
mized due to the absence of movable contacts. And, a 
carbon pile regulator is not affected by the normal stress 
and strain of flight. It is possible under heavy С loads 
for the carbon discs to stick together in a temporary 
binding condition, but this condition was overcome by 
placing the voltage regulator near the center of gravity 
of the aircraft. 


CONTROL PANEL RELAYS. 


Тһе covered portion of the control panel in the Е-102А 
contains a differential relay, overvoltage relay, field 
relay, and what is called a "tickler" resistor. A blocking 
rectifier is also used in the F-102A for additional reverse 
current protection. These relays are the remote control 
system of the generator circuit. 


Basically, whenever the generator output voltage is 
higher than the bus voltage, it is a generator relay 
switch that automatically connects the generator to the 
essential and non-essential bus bars. Bus bars, as you 
know, are the distribution points where the current is 
then channeled throughout the airplane. If for any rea- 
son the generator voltage drops below the required bus 
voltage, the switch disconnects it from the bus bars and 
the battery takes over. It is in this way that reverse сиг- 
rent flowing from the battery to the generator is pre- 
vented from damaging the generator. Whenever the 
generator control switch is opened, the generator relay 
switch opens and disconnects the generator from the 
buses. This is what is meant by remote control of the 
generator circuit, The schematic, figure 2-36, is typi- 
cal of the generator remote control system found in 
the F-102A. All symbols shown on this schematic are 
explained in Chapter HI when we analyze the d-c 
circuits. 


DIFFERENTIAL RELAY. 


The reverse current differential relay, as it is generally 
referred to, controls the main line switch connected 
between the generator and the essential bus. Usually a 
differential relay switch connects the generator to the 
essential bus when the generator output voltage exceeds 
the bus voltage by 0.35 to 0.65 volt. The closing of this 
relay is brought about through the. combined efforts of 
the differential voltage coil, reverse current coil, and 
the voltage relay. The differential voltage coil senses 


ELECTRICAL SYSTEM 


at all times the difference in voltage between the gen- 
erator and the bus side of the generator to the main 
line switch, or contactor. The reverse current coil dis- 
connects the main line contactor of the system when 
current flows from the bus through the generator to 
ground, The voltage relay controls both. The illustra- 
tion, figure 2-37, is typical of the internal connections 
in the differential relay as used in the F-102A control 


panel. 


The relay marked A, is the differential relay. Relay B is 
the voltage relay. Both relays consist of permanent mag- 
nets which pivot between the pole pieces of temporary 
magnets on which the relay coils are wound. Voltages 
of one polarity set up fields about the temporary 
magnets. Their polarities are such that the permanent 
magnet moves in a direction which causes the relay con- 
tacts to close, and the voltages of the opposite polarity 
to establish additional fields causing the contacts to 
open. The differential relay has two coils wound on the 
same core. The coil-operated contactor, as shown here, 
and called the main contactor, consists of movable con- 
tacts operated by a coil that has a movable iron core. 


When the pilot positions the d-c generator switch to 
RESET momentarily (in case the 4-с contro! panel may 
have tripped) and then to ON, he connects the genera- 
tor output to the voltage relay coil as shown in fig- 
ure 2-37. When this voltage builds to 22 volts and the 
correct polarity is reached, the current flows through 
the voltage relay coil closing the contacts of the voltage 
relay. These contacts are magnetically latched in either 
the open or closed position, It is this action which com- 
pletes the circuit from the generator to the battery 
through the differential coil. Whenever the generator 
voltage exceeds the bus voltage by У» volt, this У» volt 
is impressed on the differential coil. This causes suffi- 
cient current to flow in the proper direction to close the 
main contactor, and then to open it before any reverse 
current surges can occur during the generator buildup 
on an energized bus. 


Let's pursue this a bit further, The reverse current coil 
is connected in parallel with the series field of the gen- 
erator and in this way senses the generator load current. 
When the generator delivers current to the bus, the mag- 
netomotive force (mmf) impressed by this winding on 
its core, tends to close the contacts even tighter. As the 
generator drops off in speed, the circuit starts to draw a 
reverse current from the bus (battery voltage) and the 
current in this winding reverses. When this reverse 
current reaches sufficient magnitude it weakens the 
magnetic field about the temporary magnet of the differ- 
ential relay. This weakened field permits the spring to 
open the contacts, which breaks the circuit to the coil 
of the main contactor relay, and disconnects the gen- 
erator from the bus. This generator-battery circuit is 
also broken when the pilot presses the generator switch 
to the OFF position, This opens the magnetically latched 
contacts of the voltage relay and deenergizes the differ- 
ential relay coil. 
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Figure 2-37. Typical Differential Control Relay 


OVERVOLTAGE RELAY. 


If for any reason an excessive overvoltage occurs in the 
circuit, it is the overvoltage relay which protects the 
system, In the Р-102А, if (Неге is a sustained overvoltage 
from 1 to 3 seconds of over 32 volts, the relay coils are 
energized closing the contacts. It is not, however, quite 
as simple an action as it sounds. This relay has ап 
inverse-time characteristic. (See “Relay Switch in Cir- 
cuits," in this chapter.) It is also spring-loaded. Inverse- 
time, in this case, simply means that nuisance, or reversal 
trips, are prevented due to a transient, or short-lived 
voltages, during switching operations. 


This relay consists of a magnetic piston enclosed in a 
solenoid, as shown in figure 2-38. You can also find 
the overvoltage relay illustrated in the schematic, fig- 
ure 2-36. The piston is hollow, closed at опе end, and 
is normally located in the end of the cylinder away from 
the relay's armature. When we speak of an armature in 
relation to a relay, we are talking about an armature as 
defined in a magnetic circuit—a soft iron core used to 
connect the poles of adjacent magnets. To activate the 
movement of the magnetic piston of this relay, air must 
flow between the piston and the inside wall of its tube 
or housing. In this way a time lag is produced. When an 
overvoltage is applied to the solenoid coil, the piston 
moves toward the armature descreasing the air gap. 
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When the air gap has decreased to a factory-calibrated 
point, the armature closes and operates the relay con- 
tacts. The higher the applied voltage, the faster the 


relay operates, The spring returns the piston to its 
normal position. 


Further overvoltage-overload protection is given the 
circuit by what is called a biasing coil. This coil reduces 
the minimum trip point when the generator is over- 
loaded due to an overvoltage. Without this the genera- 
tor might be damaged due to overload. And, if this 
occurred it would prevent the generator voltage from 
rising to the normal minimum trip level of the over- 
voltage relay. This brings us to the field control relay. 


FIELD CONTROL RELAY. 


We said, that the overvoltage relay would close when 
there was a sustained voltage of over 32 volts for 1 to 
3 seconds, When this happens a circuit is completed co 
the trip coil of the field control relay. The closing of 
the field control relay trip circuit opens the generator 
shunt field circuit and completes it through a resistor. 
This of course, causes the generator voltage to drop. 
Тһе field relay interlock provides a trip-free reset action. 
This field relay reset circuit is energized from the essen- 


tial bus when the spring-loaded reset switch is actuaced 
from the cockpit. 
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Figure 2-38. Overvoltage Relay 


F-102A ESSENTIAL AND NON-ESSENTIAL 
BUS SYSTEMS. 


In the sections leading up to this one, we discussed the 
protective and controlling devices in the d-c electrical 
power system between the source of power, the gen- 
erator, and the essential and non-essential buses. In this 
section we will discuss the distribution point of this 
power, namely the buses, to the other circuits installed 
in the Е-102А. 


Тһе word "bus" is a contraction of the word "omnibus," 
which as you probably know means a “carry-all.” We 
see these vehicles of distribution every day, in cities, 
towns, and on the open road—you probably arrived 
at your present place of duty in one. The difference 
between this type of bus, used for transportation of 
humanity, and the one that we are presently interested 
in, is that one delivers people while the other delivers 
electrons, to their particular points of destination. 


Тһе first airplanes with electrical starters had batteries 
placed close to the engine to reduce the heavy wiring. 
Starting was the only heavy load. The lights and instru- 
ments required little current. For this reason it was 
possible to connect the battery and generator directly 


to a small distribution bus located in the cockpit. Gradu- 
ally, the increased demand for power brought heavier 
loads to the central distribution points, until today 
buses are used throughout aircraft electrical power sys- 
tems for distribution to the branch circuits. The bus 
system used in the F-102A is the essential and non- 
essential bus system. 


ESSENTIAL AND NON-ESSENTIAL BUS SYSTEM. 


The d-c electrical power in the F-102A is distributed 
from buses designated as essential and non-essential 
The essential bus supplies those circuits that we consider 
essential to the safety and continued flight of the air- 
plane. Figure 2-39 shows those circuits supplied by the 
essential bus, and those fed by the non-essential bus. 


As you can see, the power to the d-c non-essential bus 
is routed through a non-essential bus tie-relay. If for 
any reason there is generator failure during normal 
in-fight operations, this relay is deenergized, thus dis- 
connecting the non-essential bus from the essential bus. 
During ground operations, when external power is used, 
a d-c external power interlock relay routes power to 
the solenoid of the non-essential bus tie-relay. In this 
manner the non-essential bus is energized. We will dis- 
cuss this operation more fully in the next chapter. 
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28-VOLT DC ESSENTIAL BUS 


DC DISCONNECT 
RELAY 


DC CONTROL PANEL 


VOLTAGE REGULATION 
DIFFERENTIAL RELAY 
OVERVOLTAGE-REVERSE CURRENT 
FIELD RELAY 


GENERATOR 


28-VOLT DC NON-ESSENTIAL BUS 


AMPLIFIER. CALIBRATORS 
MG3DC 

ELECTRONIC TEST POWER. 
FUEL QUANTITY INDICATOR. 
LANDING LIGHT 

PILOT ASSIST 

PITCH АМО: YAW DAMPER 
PITCH. Q LIMITER 

Q INTAKE ANTI-ICE 

SEAT ADJUSTMENT 
TAKE-OFF TRIM LIGHT 
ТАХ! LIGHT 
THUNDERSTORM LIGHTS 
TRIM SERVO 


NON-ESSENTIAL BUS 
TIE-RELAY 


AC POWER. CONTROLS 

AFTERBURNER CONTROL 
AFTERBURNER NOZZLE POSITION 

AIR TEMPERATURE INDICATOR 
АМТІЧСЕ CONTROL AND WARNING 
AN/AIC-10 

ANJAPX-25 

ANÍARC-34 

AN/ARN-14 

CABIN AIR CONTROL 

CABIN HEAT 

CANOPY UNLOCK WARNING 

DC POWER CONTROL AND WARNING 
ELEVON TRIM ' 

ENGINE FUEL PUMP WARNING 

ENGINE GROUND COOLING 

ENGINE STARTER AND IGNITION 

FIRE DETECTOR AND WARNING 
FLIGHT INSTRUMENTS LIGHTS 

FUEL BOOSTER PRESSURE LOW WARNING 
FUEL CONTROL 

FUEL LOW WARNING 

FUEL SYSTEM 

FUEL TANK PRESSURE WARNING 
HYDRAULIC PRESSURE WARNING 

12 COMPASS : 
LANDING GEAR POSITION AND WARNING 
MASTER. WARNING 

NOSE WHEEL STEERING 

OIL PRESSURE LOW WARNING 
PILOTS MASK DE.FOG 

PITOT HEAT 

PNEUMATIC PREESSURE LOW WARNING 
POSITION LIGHTS CONTROL 


Q INTAKE ANTI-ICE 


RUDDER TRIM п 
SPEED BRAKE 

STRUCTURE OVERHEAT WARNING 
SURFACE AND ENGINE AIR ANTI-ICE 
TURN AND. BANK INDICATOR 
WINDSHIELD RAIN CLEARING 
ARMAMENT 


Figure 2-39. F-102A Essential and Non-Essential Buses 


Q 


CIRCUIT BREAKER PANEL LOCATIONS 
AND CONTENTS. 


There are nine individual circuit breaker panels scat- 
tered throughout the F-102A. Each of these panels con- 
tains a segment of either the essential or non-essential 
buses. These buses are located in the rear of the various 
circuit breaker and switch panels. These panels contain 
both the d-c and a-c buses and the circuit breakers. But 
for our purpose in this chapter, when we are discussing 
the d-c system, only the 4-с buses and circuit breakers 
and their location will be listed. Figure 2-40 shows the 
location of these circuit breaker panels. The largest of 
these panels is the main wheel well circuit breaker 
panel (E). Then we have the nose wheel well circuit 
breaker panel (C), the nose wheel switch panel (B), 
and the panel in the upper electronics compartment 
(G). In the left-hand side of the cockpit is the forward 
auxiliary circuit breaker panel (D), located slightly 
above the cockpit floor at the forward end of the 
left-hand console and below the cabin altimeter. The 
left-hand aft circuit breaker panel (A), is located imme- 
diately below the cowling angle and above the "G" suit 


MAIN WHEEL WELL CIRCUIT BREAKER PANEL. 


CIRCUIT BREAKER DECAL 


AMPERAGE AND BUS 


ELECTRICAL SYSTEM 


control valve at the rear of this console. Opposite this 
panel, and on the right-hand side of the cockpit in 
relatively the same position, is the right-hand aft circuit 
breaker panel (F). Just below this panel, on the aft end 
of the right-hand console, will be found the right-hand 
console communication and radar circuit breaker panel 
(F). At the forward end of this console is the electrical 
power switch panel. The utility switch panel is located 
on the skirt below the pilot's instrument panel. 


The illustrations and tables concluding this chapter 
show you where each circuit breaker panel is, what it 
looks like, and what it contains. The load capacity of 
the individual breaker is given, its bus, and the circuit 
protected. While there are bus connections in these 
panels expressly for the a-c electrical system, those 
located in the following charts are for the d.c electrical 
system only. The a-c will be covered in Chapter IV. 


In the first column, "Circuit Breaker Decal," you will 
find, in some cases, two different decal designations. 
The first one quoted is on the earlier airplanes; the 
second is on the later models. 


CIRCUIT 


== === ____________- 
———T—- —  — A N.v  —  — ССС 


FIRE DET 5-amp, essential Fire detector 
FIRE DETECTOR 5-amp, essential 
STR OVHT 5-amp, essentia] Structural overheat warning 


STRUCTURE OVER HEAT 


5-amp, essential 


“SSNS 


OIL PRESS 
OIL PRESSURE LOW 


5-amp, essential 
5-amp, essential 


Oil pressure low warning 


TANK PRESS 
TANK PRESSURE LOW 


5-amp, essential 
5-amp, essential 


Fuel tank pressure warning 


BSTR PRESS 
BOOSTER PRESSURE LOW 


5-amp, essential 
5-amp, essential 


Fuel booster pressure low warning 


FUEL LOW 5-amp, essential Fuel low warning 
FUEL LOW 5-amp, essential 
FUEL PUMP 5-amp, essential Engine fuel pump warning 


FUEL PUMP FAILURE 


5-amp, essential 


RH BSTR PUMP 
BOOSTER PUMP RH 


5-amp, essential 
5-amp, essential 


Fuel system 


LH BSTR PUMP 
BOOSTER PUMP LH 


5-amp, essential 
5:атр, essential 


Fuel system 


ANTI-ICE 10-amp, essential Surface and engine air anti-ice 
ANTI-ICE POWER 10-amp, essential 

IGN PWR 10-amp, essential Engine starter and ignition 
IGNITION POWER 10-amp, essential 

FUEL CONT 10-amp, essential Fuel control system 


FUEL CONTROL 


10-amp, essential 


———————M——— M Р НН 
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LH AFT CIRCUIT 
BREAKER PANEL 


Q RH АРТ CIRCUIT Z P4 
BREAKER PANEL 


RH CONSOLE й 
COMMUNICATIONS 
AND RADAR 
PARE BREAKER 


Q 2 / Ла 
NOSE WHEEL. WELL 41. 
CIRCUIT BREAKER 
'ANEL ў 


ў A 
MAIN WHEEL WELL ^ 


AUXILIARY CIRCUIT 4 
BREAKER A 
NOSE WHEEL 


WELL LEFT-HAND SIDE OF COCKPIT 
ВТМ512294 


Figure 2-40. Circuit Breaker Panel Locations 
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Figure 2-41. Main Wheel Well Circuit Breaker Panel 


MAIN WHEEL WELL CIRCUIT BREAKER PANEL (Cont). 


AMPERAGE AND BUS 


CIRCUIT BREAKER DECAL CIRCUIT 
ENG GRD COOL 5-amp, essential Engine ground cooling 
ENGINE GROUND COOLING 5-amp, essential 


5-amp, essential A-C power 
5-amp, essential 


AC EXT PWR 
EXTERNAL POWER AC 


5-amp, essential Elevon trim 


ELEVON TRIM 
5-amp, essential 


©) ELEVON TRIM 


Q TUBES (PITOT HEAT) 
PITOT Q TUBES 


AI BOOT 
(Airspeed Рігог Heat) 
PITOT ANTI-ICE BOOT 


10-amp, essential “О” intake anti-ice 


10-amp, essential 


5-amp, non-essential “О” intake anti-ice 


5-amp, non-essential 
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NWW CIRCUIT BREAKER PANEL 4 з 


NWW CIRCUIT BREAKER PANEL 
{EARLIER AIRPLANES) 


Figure 2-42. Nose Wheel Well Circuit Breaker Panel 


MAIN WHEEL WELL CIRCUIT BREAKER PANEL (Cont). 


CIRCUIT BREAKER DECAL AMPERAGE AND BUS 


LH LDG LT 


10-amp, non-essential 
LH LANDING LIGHT 


10-amp, non-essential 


CIRCUIT 


Landing lights 


RH LDG LT 
RH LANDING LIGHT 


10-àmp, non-essential 
10-amp, non-essential 


Landing lights 


FLIGHT CONT LT 
FLIGHT CONTROL 
DAMPER DC 


5-amp, non-essential 
5-amp, non-essential 


Pitch and yaw damper 


PITCH G (Limiter) 


5-amp, non-essential 
PITCH G LIMITER 


5-amp, non-essential 


ROLL RATE CONT 


10-amp, essential 
ROLL RATE LIMIT CONTROL 


10-amp, essential 


Pitch and yaw damper 


Pitch and yaw damper 


AB PWR 


10-amp, essential 
AFTERBURNER POWER 


10-amp, essential 


Afterburner control 


EXT FUEL ЕЈС 


10-amp, essential 
EXT FUEL ЕЈЕСТ 


10-amp, essential 


External droppable fuel tank trig- 
ger circuit 


EXT FUEL SHUTOFF 


5-amp, non-essential 
EXTERNAL FUEL SHUTOFF 


5-amp, essential 
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NOSE WHEEL WELL CIRCUIT BREAKER PANEL. 


AMPERAGE AND BUS CIRCUIT 


CIRCUIT BREAKER DECAL 
ATTITUDE GYRO CONT, 5-amp, essential Attitude gyro 
28 VDC 
NOSE WHEEL STEERING 5-amp, essential Nose wheel steering 
PWR SHUTOFF 5-amp, essential D-C power 
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8М504203 |9 


Us 


Figure 2-43. Nose Wheel Well Switch Panel 


NOSE WHEEL WELL SWITCH PANEL. 


AMPERAGE AND BUS CIRCUIT 


CIRCUIT BREAKER DECAL 
TRIM SERVO DC 5-amp, non-essential Pilot assist 
PILOT ASSIST 5-amp, non-essential Pilot assist 
TAXI LT 10-amp, non-essential Taxi light 
12 COMP 5-amp, essential )-2 compass 
ARMAMENT POWER 5-amp, essential Armament control 
ARMAMENT RESET 5-amp, essential Armament control 
ELECTRONIC TEST POWER DC 10-amp, essential Electronics test power 
SIDE SLIP PROBE HEAT 5-amp, non-essential Pitch and yaw damper system 
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Figure 2-44. Upper Electronic Compartment Circuit Breaker Panel 


UPPER ELECTRONICS COMPARTMENT CIRCUIT BREAKER PANEL. 


CIRCUIT BREAKER DECAL AMPERAGE AND BUS 


CIRCUIT 


MARKER BEACON ARN-12 DC 5-amp, non-essential 


Marker beacon 


GUIDE PATH ARN-18 DC 5-amp, non-essential 


Glide slope, ARN-18 


IND LITE TEST DC 5-amp, non-essential 


УНЕ Navigation, ARN-14 


MG-3 DC 


50-amp, non-essential 


Fire control system 


MG-3 DC 50-amp, non-essential 


Fire control system 
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UPPER ELECTRONICS COMPARTMENT CIRCUIT BREAKER PANEL (Cont). 
NE IMEEM ган ох ээ эг. a ————————Y——————— 
CIRCUIT BREAKER DECAL AMPERAGE AND BUS CIRCUIT 
= = сы dC xs ОР Р ААА аа а, 
VHF Navigation, ARN-14 


VHF NAV ANR-14 DC 10-amp, essential 


INTPH AIC-10 DC 5-amp, essential Interphone, AIC-10 


10-amp, non-essential Fire-control system 


DATA LINK DC 
AUTO FLT CON SYS DC 


5-amp, non-essentíal Fire-control system 


FORWARD AUXILIARY CIRCUIT BREAKER PANEL (COCKPIT). 


CIRCUIT BREAKER DECAL AMPERAGE AND BUS CIRCUIT 


PWR CONT DC 5-amp, essential D-C power 

PWR WARN 5-amp, essential D-C power 

FUEL SELECTOR LH 10-amp, essential Fuel system 

FUEL SELECTOR RH 10-amp, essentia! Fuel system 

LDG GEAR CONT 5-amp, essential Landing gear control 

A/B CONT 5-amp, essential Afterburner control 

START 5-amp, essential Engine starter and ignition system 


LEFT-HAND AFT CIRCUIT BREAKER PANEL (COCKPIT). 


CIRCUIT BREAKER DECAL AMPERAGE AND BUS CIRCUIT 


CABIN HEAT 10-amp, essential Cabin heat control 


5-amp, essential Cabin air control 


CABIN AIR 

RAIN CLEAR 5-amp, essential Windshield rain clear 
ANTI-ICE 5-amp, essential Surface and engine air anti-ice 
WINDSHIELD OVHT 5-amp, essential Windshield overheat control 


MASK DEFOG 5-amp, essential Pilot's mask de-fog 


A/B NOZ POS IND 5-amp, essential Afterburner nozzle position 


5-amp, essential Landing gear position and warning 


LG POS IND 


FUEL QTY 5-amp, essential Бие! quantity 


5-amp, essential Rudder trim 


RUDDER TRIM 


5-amp, essential Speed brakes 


SPEED BRAKE 
DE.FOG CANOPY 10-amp, essential 


5-amp, non-essential 


Anti-ice and de-fog 


SEAT ADJ Seat adjustment 


EXT FUEL TANKS 5-amp, essential 


Externa! fuel circuit 
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Figure 2-45. Forward Auxiliary Circuit 
Breaker Panel 


LEFT-HAND AFT CIRCUIT BREAKER PANEL 
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RIGHT- HAND АРТ CIRCUIT BREAKER PANEL (COCKPIT). 


CIRCUIT BREAKER DECAL 


AMPERAGE AND BUS 


Figure 2-46. Left-Hand Aft Circuit Breaker Panel 


CIRCUIT 


MASTER 


5-amp, essential 


DC FAIL 
CANOPY UNLOCK 


PNEU PRESS LOW 


5-amp, essential 


5-amp, essential 


5-amp, essential 


HYD PRESS 


LIGHTING FLT INST 


5-amp, essential 


AIR TEMP 


STORM 


5-amp, essential 
5-amp, essential 


5-amp, non-essential 


POSITION CONT 


5-amp, essential 


TURN & BANK 


Master warning 


D-C power 


Canopy ualock warning 


Pneumatic pressure low warning 
Hydraulic pressure warning 
Flight instrument lights 

Air temperature indicator 


Thunderstorm lights 


Position lights 


5-amp, essential 


Turn and bank indicator 
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RIGHT-HAND CONSOLE COMMUNICATION AND RADAR CIRCUIT BREAKER PANEL (COCKPIT). 
CIRCUIT 


CIRCUIT BREAKER DECAL AMPERAGE AND BUS 


25-amp, essential UHF communication ARC-34 


UHF COMM DC 
GROUND TO AIR DC 5-amp, essential IFF radar 
AIR TO AIR DC 5-amp, non-essential IFF radar 
UTILITY SWITCH PANEL. 
CIRCUIT BREAKER DECAL AMPERAGE AND BUS CIRCUIT 
Pitot heat 


PITOT HEAT 10-атр, essential 


Г. Ў  RIGHT-HAND AFT 
| CIRCUIT BREAKER PANEL 


RIGHT-HAND CONSOLE 

COMMUNICATION AND ў 
RADAR CIRCUIT BREAKER PANEL EZ 

| - —r- 
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Figure 2-47. Right-Hand Console апа 
Right-Hand Aft Circuit Breaker Panels 
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Figure 2-48. Utility Switch Panel 
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la the last chapter we were interested mainly in the 
individual components and controlling devices used 
throughout the direct-current, electrical distribution 
system of the F-102A; why they аге in the system, how 
they work, and where they function within the system. 
In chis chapter we will wire them together, energize 
them, and analyze the d-c electrical system as a whole. 
But first, let's turn back а few years and find out how 
and why direct-current electrical systems have become 
what they are today. 


D-C ELECTRICAL POWER IN 
EARLY AIRPLANES. 


It was cold that morning. An icy wind had swept in 
from the Atlantic and across the sand dunes. Five men 
and a boy shivered in cheir heavy overcoats. They were 
witnessing the first successful flight of an engine- 
driven, heavier-than-air, man-carrying flying machine. 
The man on the flying machine, Orville Wright, was 
cold too—but happy. It was December 17, 1903. 


Ever since that icy-cold morning near Kitty Hawk, 
North Carolina, to the present day, all aircraft has 


demanded direct current, It was the ignition system 
that first made the demand—it still does, Buc other 
systems have come to the fore that have overshadowed 
its initial importance to powered flight. There will be 
others. But for the time being it is still with us, whether 
we are talking about engines that operate on the 
Otto-cycle principle, or one that is based on the prin- 
ciple of jet propulsion. The Опо-сусје, in case you have 
forgotten, is the working stroke of an engine. 


The real beginning, however, of diverse electrical power 
systems іп the airplane came with the Liberty engine. 
On the earlier Libertys the magneto used was found 
inadequate. The manufacturers were forced to do some 
quick thinking, and they came up with a battery- 
operated ignition system. This battery was a four-cell, 
lead-acid, 8-volt storage battery; an engine-driven gen- 
erator kept it charged. 


Later a 12-volt battery installation was selected, because 
at the time some automobiles used a 12-volt system and 
a certain amount of electrical equipment was readily 
available. This system proved satisfactory until larger 
airplanes, with heavier electrical loads, gave critical pri- 
ority to further development in electrical systems. 
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WRIGHT BROTHERS 
FIRST FLIGHT AT 
KITTY HAWK 1903 


THE DIXIE MAG 


Figure 3-1. First Airborne D-C Electricity 


The 24-volt system was first used in Europe. In 1938, 
the United States Air Force made this voltage standard. 
This seemed adequate until new designs in aircraft 
made further demands on engineering knowledge. Then 
with the development of high-output generators, the 
whole concept of power supplies in airplanes changed— 
almost over-night. Let's take a look at some of the 
things we have been discussing. 


BASIC POWER SUPPLIES, 


As you know, the basic power supply system is that 
portion of the electrical system lying between the 
source of power and the bus, or distribution point. 
We mentioned in Chapter II that the first airplanes that 
were equipped with electric starters installed the 
bactery as close to the engine as possible, to reduce the 


amount of heavy wiring and to simplify maintenance. 
A master switch was not used. 
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Figure 3-2 shows an example of this circuit. As you 
can see, when the starter switch was closed the solenoid 
(located in series between the battery and the starter), 
became energized, completing the circuit to the starter. 
When the engine turned over, the starter switch was 
opened and the generator switch closed. This permitted 
the flow of current from the generator to the battery 
through the distribution bus. This system worked satis- 
factorily until the ever-increasing demand for more 


power threw heavier and heavier loads on the central 
distribution point. 


When a master switch and ground power were incor- 


porated into the system, power supply circuits became 
slightly more complicated, as shown in figure 3-5. 


In this system an independent generator feed and 
ground power connector were used, The master switches 
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Figure 3-2. Simple Power Supply Circuit 


were placed on the battery side of the main distribution 
panel. They were arranged so that the pilot could open 
the circuit in case of a crash, thereby eliminating a fear 
factor, the amount of "live-wire.," On the ground, the 
mechanic could switch from battery to an outside source 
of power for starting or other ground operations, The 
master switches were also installed to provide the pilot 
with a means for battery disconnect in case the battery 
failed or in case of a short circuit. 


This system worked very well, but it was far from 
perfect. For example, if both generators in a twin- 
engine airplane were used to charge the battery at 
the same time, one of the generators would occasionally 
reverse the field windings of the other generator, putting 
it out of commission; that is, until someone thought 
to "flash" its field. In those days this simply meant that 


SOLENOID 
STARTER 
SWITCH 


ELECTRICAL SYSTEM 


GENERATOR 
SWITCH 


GENERATOR 


a jumper wire was held firmly to the field terminal, 
generally "A" of the generator, while the other end 
of the wire was "sparked" off the positive terminal of 
а storage battery. 


This, as you know, is an out-moded method of gener- 
ator field flashing and is frowned upon in good-practice 
circles. Air Force regulations prohibit such haphazard 
but effective "flashing." We will discuss “field flashing," 
as it applies to the F-102A, later on in this chapter. 
This problem of field reversal was partially met by 
introducing switches, which enabled the pilot to 
exchange batteries with either one or the other of the 
two generators, 


Also, he could operate his radio from only one battery, 
while the other furnished current for his lights and 
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Figure 3-3. Power Supply Circuit With Master Switch 


instruments. This procedure eliminated the annoying 
fluctuations in voltage which caused lamps to flicker 
and instruments to give inaccurate readings when the 
radio sending equipment was in operation. Figure 3-4 
is typical of this system. 


With the advent of high-output generators and multi- 
engined aircraft, it was necessary to design a system 
with control units to balance, өс equalize, the load 
between generators, When two or more generators are 
operated at the same time to supply power for a load, 
they are operated in parallel, This siniply means that 
each generator supplies a proportional part of the 
атреге-Іоай. If an operation of this magnitude is to 
function successfully, each generator must share the 
load on an equal footing. This was achieved through a 
twin-engine equalizing circuit, whose purpose is to 
automatically help the two voltage regulators in lower- 
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ing the voltage in the high generator, and in raising 
the voltage of the low generator. (See figure 3-5.) 


MAINTENANCE AND RELIABILITY OF 
ELECTRICAL EQUIPMENT. 


A reliable person is generally thought of as a trust- 
worthy person, Sometimes, however, during the stress 
and strain of everyday living, there comes a time, or 
times, when even this person may succumb to a pattern 
of behavior not in keeping with his more dependable 
characteristics. In the same manner, electrical equipment 
under shock, certain "С" and atmospheric conditions, 
or inefficient and slipshod maintenance, will set a pattern 
of behavior not intended by its manufacturer. 


Before installation, the reliability of electrical equipment 
is tested and retested under all conceivable conditions. 
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Figure 3-4. Twin Power Supply Circuit 


And because facts, not fiction, are desired, simulated 
performance areas are set up in laboratories to test 
this equipment under rigid specification requirements. 
Devices are tested for altitude performance, as high as 
75,000 feet; for arctic, desert, and tropical operations, 
and just plain rugged dependability. Laboratory testing 
today is useful and it certainly has its place, but at 
best it is only comparative. Unfortunately, there is the 
wear factor and certain other conditions which cannot 
be foreseen. One of these is the reliability of the line 
maintenance man. 


Electrical components, as they assume more and more 
of the vital functions within the electrical system of a 
modern airplane, demand efficient maintenance. There 
are few electrical parts that do not require periodic 
inspection and maintenance, Once a device has proven 
its reliability through actual flight testing (and there 


is no substitute for this), it is the flight-line maintenance 
man who must be relied on to keep it in proper working 
order. But even with all this, there is questionable 
reliability even in dependable electrical equipment that 
is not properly maintained. On the other hand, with 
unreliable equipment to maintain, you might as well 
pick up a magazine and forget the whole thing—you're 
not a magician. 


Speaking of printed matter, did you know that manu- 
facturers of airplanes keep a digest on unfavorable 
field reports? Well, they do. They call these "Safety 
Reliability Digests.” And these are the facts—not the 
fiction—of flight performance. For example, during a 
takeoff run, the pilot of a twin-engine jet fighter 
received a false fire warning light. Because these fire 
warning lights were so close together, the pilot was 
unable to distinguish which engine was afire. He elected 


85 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


EQUALIZER 
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Figure 3-5. Equalizer Power Supply Circuit 


to abort the mission, Two dangerous conditions were 
established —one, the warning lights were so close 
together that a quick, accurate identification was impos- 
sible; and two, this false fire warning was traced to a 
corroded connector, part of the fire warning system. 


А lot of thought is given to the design of panels and 
instrument placement in the cockpit of an airplane, 
and in this particular airplane it was thought that the 
placement was ideal. This case history proved otherwise. 
This particular condition had never come up before, 
nor has it since. But the core of the trouble, the corroded 
connector, is a different matter. This was maintenance 
oversight, and there is no place for inefficient or ineffec- 
tive maintenance in aircraft. Men's lives ate at stake. 


The best maintenance, therefore, is the preventive and 
continuous type. 


ACCESS TO ELECTRICAL EQUIPMENT. 


Time is a precious commodity, especially in airplanes 
designed for a continuous alert status. For this reason 
electrical design engineers make special provision for 
easy access to electrical equipment. You may get a stiff 
neck or an aching back working on them, but they are 
accessible, For example, connectors, or plugs, are so 
placed that they can be inspected at regular intervals 
and any corrosion removed. Quick disconnects and snap- 
removal features are incorporated into equipment. 
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Тһе man-hour consumption to make maintenance easier 
for you is a staggering figure. А very good example 
of this is іп the F-102A. If you will think about it a 
minute, after you have stuck your head into the various 
compartments and wheel wells, you will realize how 
many design-hours are expended to make your job 
easier for you; not to mention the barked elbows, 
skinned knuckles and the frayed tempers. 


А typical example of the planning that makes main- 
tenance easier is the example of the cockpit electrical 
components, Їп figure 3-6, you can see that the instru- 
ment panel can be dropped forward for access to the 
wiring in the front of the cockpit, and the switch panels 
on the consoles can easily be removed for inspecting 
and maintaining the switch and control circuits con- 
cealed beneath the consoles. 


ENVIRONMENT AND 115 EFFECTS ON 
ELECTRICAL EQUIPMENT. 


Our friend Mr. Webster defines environment as the 
sum total of all the external conditions and influences 


affecting the life and development of a human being 
or а complex thing. 


Whether we are at sea level ог in the higher altitudes 
within one of the great blankets of atmosphere 


/ 


8Тм50533. 


Z B nM 


ELECTRICAL SYSTEM 


ACCESS TO CONNECTORS AND OTHER ELECTRICAL 
COMPONENTS BEHIND THE INSTRUMENT PANEL 
IS GAINED BY DROPPING THE PANEL FORWARD. 
N PROCEDURE FOR ACCOMPLISHING THIS IS FOUND 


Figure 3-6. Electrical Equipment Location and Access 


surrounding the earth, atmospheric conditions (environ- 
ments) vary from day to day. You breathe the atmos- 
phere around you. It may be hot, warm, brisk, cold, 
windy, or frigid. And how you breathe it, where you 
breathe it, and when you breathe it, affects your phys- 
ical balance. It might make you feel good, bad, or 
indifferenc—it might even kill you. In the same manner, 
electrical components react to atmospheric changes 
(environment). They too have their good moments 
and their bad. 


Figure 3-7 shows the environments in which the Е-102А 
--ап all-weather interceptor—must be ready to operate 
at a moment's notice. You must know something about 
them, especially their effects on electrical systems. 


Natural environment presents problems of worldwide 
extremes in temperature; it presents additional problems 


in humidity, fungus, rain, snow, solar radiation, light- 
ning, wind, sand, and dust, It, also encompasses pres- 
sures at the earth's surface and those found in the 
upper blankets of atmosphere. 


Induced environments are the most difficult to guard 
against, because they vary wich atmospheric conditions 
and the performance of the aircraft within those condi- 
tions. Induced environment is characterized by high 
temperatures, temperature shock, vibration, acceleration, 
explosive vapors, and nuclear radiation, Temperature 
shock, for example, is induced by rapid acceleration to 
very high speeds, rapid changes in altitude, or a com- 
bination of both. 


ALTITUDE AND THE ELECTRICAL SYSTEM. 


We are entering a scientific era, an engineering era, 
when the upper atmosphere and its properties are as 
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Figure 3-7. Environment and Its Effect on Electrical Equipment 


important to your knowledge of aircraft maintenance 
as your knowledge of the atom and its temporary 
visitors, the electrons, or why an airplane flies, The 
expression "high, wide, and handsome" can certainly 
be applied to Air Force operations today. In the future 


they will be higher, wider, and more handsome—and 
you'll be there. 


Just as an electric blanket has different and varying 
temperatures, the great blankets of atmosphere which 
lie above us are varying and different in their temper- 
atures, as can be seen on the temperature chart in 
figure 3-8. You will also see that there are four atmos- 
pheric blankets, one above the other—in layers: the 


ionosphere, the troposphere, the stratosphere, and the 
mesosphere. 
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Each of these conditions presents a different problem to 
flight; but for our purposes our greatest interest is in 
the troposphere, 


“Why?” you might ask. "How about all this talk about 
man-made satellites, and rocket-powered aircraft flying 
at 90,000 feet. How about interplanetary space travel?" 


How about it? Well, it doesn’t do any harm to dream 
and plan, does it? And it is true, Major Arthur Murray 
did fly a rocket-powered airplane in the neighborhood 
of 90,000 feet, as far back as the summer of 1954. 


But the fact remains that nearly all present-day military 
and commercial flying is stil! within the troposphere; 
our first blanket of atmosphere, which extends from 


sea level to fluctuating altitudes of between 35,332 feet 
and 40,000 feet. 
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These figures, however, are more or less subjéct to 
change. The tropopause, which is the upper portion of 
the troposphere, is where you find it. The upper extrem- 
ity of the tropopause has been recorded at 23,000 feet. 
In other words, it varies with the time of year, the 
time of day, and the weather conditions existing on 
the earth's surface—and that part of the world where it 
is measured. 


For example, at Point Barrow its extent might be 
30,000 feet, while in Southern California it could reach 
beyond the 40,000-foot level we spoke of—the average 
mean extremity. For our discussion let's chink of it as 
extending from sea level to the 40,000-foot level. 


In the troposphere there is a gradual and nearly соп- 
stant reduction in temperature, from 59°F at sea level 
to —67°F at about 47,000 feet, which could well be the 
extent of the troposphere at certain seasons of the year. 
Because the warm air at the earth's surface lies below 
this cold air, a great deal of movement takes place in 
the form of wind. Most of our water vapor and clouds 
make the troposphere their concentration center. Above 
the troposphere lies the stratosphere, which stretches 
from about 40,000 feet to about 70,000 to 100,000 feet 
where the temperature remains practically constant. We 
shall get to this blanket of atmosphere later. 


Those Four Kinds of Altitude. 


While we are on the subject of altitude, іє might be 
well to define some terms you will undoubtedly hear 
while serving in the Air Force. Altitude is generally 
thought of as a measurement—and so it is; but it 
should also be readily understood as the relation of an 
airplane or rocket to the earth's surface. Scientifically, 
іп aerodynamics, the term altitude is important only as 
a means of describing the characteristics of the air 
through which an airplane must fly. 


As you have learned, the atmosphere around and above 
us is not the same from day to day, For this reason, 
certain standards have been established which are based 
on average atmospheric conditions in the United States. 
As closely as possible, they approximate true atmos- 
pheric conditions as they may be found at sea level, 
in the troposphere, and on into the stratosphere. 


Each altitude is assigned a complete set of character- 
istics; these characteristics are pressure, temperature, and 
density. These altitudes are known as МАСА. (National 
Advisory Committee for Aeronautics) standard atmos- 
pheres. 


These standards have also led to some new definitions 
of altitude: First of all there is /арейте altitude, This 
is the actual height in feet above sea level. Next, we 
have density altitude, which is the height in feet above 
the earth at which a given air density is found, Pressure 
altitude and temperature altitude is the height in feer 
above the earth at which a given. atmosphere pressure 
or atmosphere temperature is found, 


90 


For example, a pilot could be flying at a tapeline alti- 
tude of 40,000 feet, but his density altitude might be 
only 37,000 feet, his pressure altitude 36,943 feet; and 
his temperature altitude could be but 32,000 feet, They 
are all interrelated and are defined in mathematical 
equations which are out of the scope of this manual. 
These altitudes have been basically defined so that you 
will know what someone is talking about in regard to 
altitudes. It isn't necessary that you know how they 
are arrived at, simply what is meant by them. 


Airborne Electrical Equipment. 


The operating temperature of the electrical equipment 
will increase approximatey 1% over that occurring at 
sea level for each 330 feet of tapeline altitude in excess 
of 3000 feet. Altitude shortens the life of electrical 
equipment. 


In an earlier portion of this chapter we discussed the 
testing and retesting of equipment for its electrical 
reliability under various environmental conditions, and 
for its rugged operational characteristics. In Chapter II 
we discussed the effects of high altitude on generator 
brushes. You learned that, for awhile at least, the 
Situation was so critical that the future of high-altitude 
flying and precision bombing was extremely doubtful. 
The reasons for this excess wear—and in some cases 
complete disintegration— were à lack of moisture, lack 
of oxygen and general rarity of the atmosphere at alti- 
tudes of 25,000 feet and above. 


Air, as you know, is a gas or a combination of gases. 
Ordinarily gases are poor conductors because they con- 
tain few ions. We discussed 7095 in Chapter I, when 
we reviewed the storage battery, We said then that an 
atom which has lost one of its electrons is called a 
positive ion, and one that has gained an electron is 
called a negative ion; and when these ions build up 
we have ionization. 


Another way of putting it, an ion is an atom or group 
of atoms that have either an excessive positive or 
negative charge. This, as you know, is what takes place 
in the electrolyte solution in a battery. 


Ionization of gas is produced by either of two methods: 
by collision impact, or by the absorption of radiation. 
Тһе first method is simply when electrons are forcibly 
detached from ions and molecules by the impact or 
bombardment of other ions or molecules. The second 
method is best described by the phenomenon which 
takes place some 25 miles above the surface of the 
earth (132,000 feet) in (Бе ionosphere. This is a region 
of electrically charged air—ionized air—which is charged 
by radiation from the ultraviolet rays from the sun. 
But it will be a few years before we wili be flying in 
this blanket of atmosphere. So, for the time being, let's 
get back to earth. 
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The insulating effect of air varies as we take off and 
climb to higher altitudes. At high altitudes it is found 
that insulation breaks down and flash-overs, or arcing, 
is|more likely to occur because the air is more readily 
іопігед. This is due to poor conductance qualities found 
ақ these altitudes, allowing corona discharges to take 
place. 


These discharges аге nothing more than a buildup of 
two electrical potentials until a crackling spark passes 
between them—a miniature flash of lightning. The 
corona may be in the form of a bluish glow and at 
sufficient altitude appear on the surface of a conductor, 
ог (without static discharge) at lower altitudes a similar 
phenomenon may appear in the form of static electric- 
ity and roll off the wing of a plane in what pilots call 
“Saint Elmo’s Fire.” 


Tt is the ozone and acids, generated by coronas, which 
rapidly corrode metal and attack insulation at high 
altitudes. The ruggedness of electrical systems is further 
¢hallenged by the tremendous increase in moisture con- 
tent as the airplane descends to lower altitudes, plus 
the rapid change of atmospheric pressures and temper- 
atures, Thanks to our electrical "know-how" these 
Severe atmospheric changes have been fairly well met; 
by using hermetically sealed panels, sealed electrical 
‘contacts, potted components, pressurized compartments, 
cooling systems; and as in the case of our generator 
jbrushes, a chemical impregnating treatment with halide. 


COLD WEATHER AND THE ELECTRICAL SYSTEM. 
“Тһе group of photos in figure 3-9 has not been repro- 
| from actual conditions and inserted in chis manual 
to sell you on a pleasant vacation spot, nor is it placed 
here to recruit you for duty in the far north; rather 
it is to show you just how critical the maintenance 
must be under these conditions. 


Cold temperatures make insulation brittle—it tends to 
weaken it. Batteries freeze and lose their charge unless 
properly maintained, But the most serious effect cold- 
weather operation has on aircraft is that it reduces your 
own efficiency. This is recognized, and it certainly is 
not held against you—after ай you are human. But 
it is a critical problem, and as long as you recognize 
the fact that it does lower your efficiency, concentrate 
that much harder on the particular task ahead of you 
and the problem will not be as serious as it is cracked 
up to be. In other words, you will be a brass monkey 
Out there in that bitter cold but don't think like one. 


For the maintenance of the aircraft storage battery and 
other components in the aircraft during cold weather 
and polar operations, you are referred to T.O. 8D2-1-31 
апа Т.О. No. 00-60В-1. 


THE DESERT AND THE ELECTRICAL SYSTEM. 

The desert is designated as a dust-laden atmosphere, 
and is harmful co electrical equipment. Аз a rule, desert 
operations do nót shorten the life of electrical equip- 
ment if it is protected from sand апа dust storms. 


ELECTRICAL SYSTEM 


Severe damage can Бе caused, however, by dust ог sand 
which is carried in large amounts in the atmosphere; 
the presence of these particles between moving surfaces 
is almost sure to cause failure. 


In some locations atmospheric dust peculiar to that 
locality causes corrosion or the breakdown of insulation. 
Coral dust is a conducting material and may cause arcing 
of contact points. Volcanic dust, in addition to its 
abrasive qualities, also causes corrosion, particularly 
when combined with moisture. 


THE TROPICS AND THE ELECTRICAL SYSTEM, 

In the tropics it is the fungi and moisture—the high 
humidity—which attack electrical systems. Perhaps the 
best way to present these damaging effects is in chart 
form. We spoke of moisture when presenting high- 
altitude operations and its effects on a system; the 
following chart emphasizes what sustained moisture 
coupled with fungi can do to a system without adequate 
maintenance and protection. 


THE EFFECTS ОҒ MOISTURE AND FUNGI ON MATERIALS 


Tbe Material Тһе Effects 


Metals, Moisture causes corrosion. Loss 
of sensitivity of delicate mech- 
anisms, unbalancing of electrical 
circuits and arcing. Fungus set- 
tles on organic dust and etches, 
or eats metal, destroying vital 
operating surfaces. 


Non-fungus-inhibiting waxes 

support fungi, causing destruc- 
tion of insulating and protective 
qualities, and permitting the 
entrance of moisture, which 
destroys parts and unbalances 
electrical circuits. 


Wax impregnation. 


Glass: Instrument Fungus settles on organic dust. 
lenses, component Almost immediately it etches 
inspection, windows.|the surfaces, destroying optical 
properties and visibility. 
Moisture causes swelling, result- 
ing in binding of support parts. 
Fiber is attacked and destroyed 
by fungi. 


Fiber: Washers, 
cable supports. 


Insulating properties are lost, 
leakage paths cause flashover. 
Тһе bond between laminations 
is destroyed. 


Laminated plastic: 
Electrical system 
terminal strips, 
mounting panels. 


Cotton, linen, paper, | Insulating and dielectric proper- 
cellulose derivatives: | ties are lost or impaired, causing 
Insulation, covering, | arcing and flashovers. These 
materials are rotted by moisture, 
and completely destroyed Бу 
fungi. 


webbing, belting, 
laminations, and 
dielectrics. 
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Figure 3-10. Location of Electrical Units and Associated Wiring (Sheet 1 of 2) 


The knowledge of high-altitude and climatic effects on 
electrical equipment is most important to you as a main- 
tenance mechanic and you will hear, from time to time, 
a great deal more about this subject. The discussion 
just presented has been nothing more than a thumbnail 
approach to familiarize you with this aspect of your 
electrical knowledge to help you to understand the 
problems under different climatic conditions. 


WIRING. 


Тһе wiring in an airplane comprises a large percentage 
of the total weight of the electrical system. Ав previ- 
ously stated, the F-102A has electrical wiring sufficient 
to wire 15 average modern homes, and this does not 
include the electronic network of the aircraft. 


Figure 3-10 shows the location of the major compo- 
nents of both the d-c and a-c electrical systems. Although 


we are discussing only the d-c system in this chapter, 
both systems are shown to give you some idea of the 
vast amount of wiring required to connect all the com- 
ponents of the electrical systems, (In Chapter IV, you 
will learn about the a-c system and its components.) 


Keep in mind that the lines shown here represent ail 
the wires and cables used to connect the components, 
and do not actually show the exact routing of wiring 
you will find in the F-102A. Also remember that these 
illustrations show only the power system, and do not 
take into account all the wiring used to connect power 
to the separate systems such as armament, communica- 
tions, and flight controls. 


The primary function of any wiring system, which 
should be quite clear at this point in our discussion, is 
to provide a conducting path from the source of-power 
to the units involved and from the units back to the 


93 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


PLUG 425 


AC GENERATOR 229 
PANEL DISCONNECT 144 


VALVE 934 
PLUG 3426 


/ 
TRANSFORMER 847: 
/ 


АС GENERATOR 188 


RH PILOTS CONSOLE 
(INCL SWITCHES 737 
AND 1770) 


PLUG 4436 
RECEPTACLE 5671 


PANEL 597 


PANEL 597 


AFT COCKPIT CIRCUIT 
BREAKER PANEL (INCL 


CIRCUIT BREAKER 61) 


PLUG 4436 
RECEPTACLE 5671 


NWW CIRCUIT 
BREAKER PANEL 


Ж — 
Р и RANEL 597! 


/ 
EN + ^ CIRCUIT BREAKER 
~~ PANEL (INCL CIRCUIT FUEL 


LH AUX CIRCUIT 
BREAKER PANEL 
(INCL CIRCUIT 
BREAKER 61) 


REGULATOR 1721 


PANEL 605 
CONNECTOR 96 


TRANSFORMER 838 
TRANSFORMER 837 
BTMSI3304-2 


8). а: 
f ES 
SS NIA 
| КС (а: 
Мана PANEL 
DISCONNECT — - 


PANEL 597 


МММ 


BREAKER 61) BOOSTER 
PUMP FUSES 
RELAY 632 

PANEL 597 


PANEL 597 


RELAYS 626, 647, 1628 
RECEPTACLES 652, 5663 


Figure 3-10. Location of Electrical Units and Assoclated Wiring (Sheet 2 of 2) 


source, In addition, it should carry the current without 
excessive heating or voltage drop. For this reason, there 
are rigid specifications governing the wiring used in 
aircraft, 


For example, the wire used must be stróng and flexible; 
its insulation should. be resistant to abrasion, norrhal 
wear and tear, and moisture, and it should be able to 
withstand high temperatures without losing its insulat- 
ing qualities, All wiring must meet these standards, and 
many others, before it is installed in the airplane. In 
other words, aircraft electrical wiring installation prac- 
tice is based on quality standards to insure safety, proper 
operation of equipment, and service life. 


F-102A WIRE IDENTIFICATION. 


Each wire used in an aircraft electrical system carries 
an identifying number. A code letter prefix indicates the 
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general circuit in the system of which the wire is a 
part. Figure 3-11 shows a typical example of this method 
of coding as used in the F-102A. Its accompanying table 
Bives the various letters used for system designation. 


————————— 


WIRE IDENTIFICATION TABLE 


Letter System Designated 
A Armament 
С Controls, Surface 
D Hydraulic and Pneumatic 
E Engine Instruments 
F Flight Instruments 
G Landing Gear 
H 


Heating, Ventilation, and De-Icing 


© 


WIRE IDENTIFICATION TABLE (Cont). 


Letter System Designated 
LK Starting and Ignition 
L Lighting 
M Miscellaneous 
P D.C Power 
Q Fuel and Oil 
Ww Warning 
Х,У А-С Power and Emergency Power 


As we have said, the letter prefix indicates the system 
circuit; іп this case, the letter P stands for 4-с power. 
Тһе number 122 calls out the actual number of the 
wire, and the next letter indicates the wire segment. 
"There may be any number of segments in a circuit, 
but usually you will find five is an average number. 
In this particular case, "D," the fourth letter of the 
alphabet, means that this wire is the fourth segment 
from the power source. The last number, 16, indicates 
the size of the wire. If, in some cases, the letter “М” 
is found tacked on to this alphabetical-numerical coding, 
it simply designates “ground,” 


lf an exception to the above method of coding is 
Шошай in а bundle, it will be a part of the electronic 
‘network in the airplane. For example, one of the most 
'delicate and crítical wires found in the F-102A is one 
coded 3F799A, and black in color. Extreme caution 
should be used in handling this wire, The reason for 
this is the gauge of the seven twisted wires encased in 
this conductor, which, when measured individually with 
à micrometer, are only 0.004 inch. Actually this is a 
small coaxial cable. It is shielded and has a plastic 
cover over the shielding. The plastic covering will melt 
before'it burns. 


The importance of the wiring in an airplane and its 
maintenance cannot be overemphasized, Та Chapter I, 
we stated that there is no perfect conductor and no 
perfect insulator, and this is а good rule to follow. 
But great strides have been made toward perfecting 
insulating materials used to cover the wiring and cables 
used in aircraft. 


, Àn example of this is the fibreglass insulation used 


where temperatures become exceptionally high—the 
area surrounding the engine between the engine shroud 
and the fuselage frame. And as you have already learned, 
high-altitude flight has made research into this field 
especially critical. This is also true of connectors, or 
plugs as you will find when we discuss the com- 
paratively new type "potted" plug used throughout 
the F-102A. 
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Figure 3-11. F-102A Wire Identification 


As you have learned, coded identification is imprinted 
on most cabling in the airplane. There are some excep- 
tions to this, such as coaxial and other shielded cables, 
which will not take printed identification high-temper- 
ature wires are one example. In such cases a fiberglass 
pressure-sensitive tape is used with the specified coding. 
When vinyl, plastic, or another protective covering is 
used, the code numbers will be imprinted on protective 
covering, Harnesses for electronic systems, such as radar 
and armament systems, have their own identification 
system. Identification tapes used in these special cases 
are specially treated so that they will not dry out in 
service or produce chemical reaction with the particular 
cable insulation. Tapes which absorb moisture are never 
used. 


Aircraft power cables are constructed of:a large number 
of small, tinned copper wires. The reason for this is 
the need for cable flexibility. The wires are braided or 
twisted together and then covered with specially treated 
cambrics, nylons or any other suitable insulating mate- 
rial, Although smaller wires give more resistance than 
a single large ome the same size as the cable, the 
cable-type is preferred for its flexibility. 


AIRCRAFT CABLE SPECIFICATIONS. 


Let's take a look at some aircraft cable specifications. 
In the following table you will find the Army-Navy, 
or as they are commony know, the "AN Specs" for 
aircraft cables. There are more than those shown here, 
but in all probability those listed will be all you are 
requited to know, except in isolated cases or as new 
type cables are made available for specific purposes. 
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WIRE SPECIFICATION TABLE 


Wire Size | Resistance of Cable | Rating  |Fuse Capacity 
A.W.G. | (ohms рег 1000 feet | (amperes)| (amperes) 
at 20°С.) 
AN-20 10.25 4.0 5 
AN-18 6.44 7.0 15 
AN-16 4.76 11.0 20 
AN-14 2.99 16.0 30 
AN-12 1.88 23.0 35 
AN-10 1.10 33.0 50 
АМ-8 0.70 45.0 70 
АМ-6 0.436 65.0 100 
AN-4 0.274 90.0 125 
AN-2 0.179 130.0 175 
AN-0 0.114 185.0 250 
AN-00 0.090 220.0 300 


You will notice that the size of the cable is designated 
in the American Wire Gage number (A.W.G.) and 
that only even numbers are used in this particular table. 
The reason for this is that in the Air Force only even 
numbered cables are used. The larger the number, the 
smaller the cable. In the above table AN-20 is the 
smallest cable and AN-00 is the largest. The ampere 
rating, or current rating, of the cable is the amount of 
continuous-duty current a cable will handle without 
appreciable heating. The fuse capacity of any cable is 
the maximum current the cable will carry without caus- 
ing the strands to fuse together, This brings up a cather 
important point—selecting the correct cable. 


CABLE SELECTION. 


When a cable is chosen for a particular installation, the 
cable size selected is one having a current rating equal 
to, or higher than, the maximum current the cable must 
carry. For example, a certain size cable will carry a load 
compatible with its heating effect tolerance, but because 
of its length there is the danger of an excessive voltage 
drop; to overcome this a larger cable with a higher 
current rating would be used. While we are on this 
point, in a 28-volt d.c system the allowable voltage 
drop for а continuous-duty current is 1 volt. If it is 
intermittent-duty current, a 2-volt drop is permitted. 
Actually intermittent-duty current is nothing more than 
current which is used in a circuit that has intermittent 
operation within the system. We can define intermittent 
operation as full loading of a circuit for not more than 
three minutes out of 20 minutes; and to break it down 
even more, that within those three minutes there will 
not be any one period of continuous current flow that 
exceeds 45 seconds. 


CABLE ROUTING. 


Тһе F-102A, being a modern tactical airplane, elim- 
inates conduits almost entirely. The reason is to make 


96 


your job easier, facilitating cable installation and prac- 
tical maintenance. It also saves weight, and in actual 
combat operations makes the electrical system less vul- 
nerable to enemy gunfire. 


A word of caution—when it becomes your job to replace 
a cable, make sure you install іг the way it was orig- 
inally routed. There should be no shortcuts, short wires, 
an excess in slack, or an excess in tension in the replaced 
cables or individual wires. Perhaps the best way to think 
about a wire you are replacing is that it is a fine piece 
of linen thread, which is strong but not too strong. 
Don't treat it as you would the string on a guitar or 
banjo. We don't want a tune out of it—just per- 
formance. 


The routing of cables—the bundles of wire—is care- 
fully considered with certain objectives in mind. First 
of all, the conducting reliability is considered; then the 
voltage drop, and the job the particular cable is to do. 
Routed through here, will it reliably carry the current 
to its junction point? 


Тһе safety factor is taken into consideration—the safety 
of the airplane. For example, it would be extremely 
dangerous to channel wires where chafing and abrasion 
might occur, or where damage from battery acid fumes, 
fluids, exposure, or excessive heat would impair its 
reliability. 


Figure 3-12 shows a typical example of cable routing 
in the nose wheel well of the F-102A. Sometimes it is 
necessary that cables be placed in. critical areas, but 
when they are, they are carefully insulated and installed. 
That makes your job doubly important, to see that the 
same precautionary measures are taken in replacement. 


It cannot be emphasized too emphatically that when 
уди see cables routed in what you might think a round- 
about way, this has been done for a purpose. Simply 
ра them back tbe way they were installed, Below that 
bundle there may be a fuel, an oil, or highly combus- 
tible hydraulic fluid or oxygen line, which could cause 
serious consequences (even loss of life) if an electrical 
power line were placed too close to this plumbing. 
There is a prescribed distance for electrical wiring in 
these critical zones—adhere to them; and if in doubt, 
consult your Air Force directives on this subject. 


Along the fines of the above discussion, there is another 
important consideration when routing cable—to prevent 
the malfunctioning of equipment by induction, Finally, 
every effort is made to provide accessibility for main- 
tenance, for inspection and checkout, and for easy 
replacement of individual wires. 


TERMINALS. 

Terminals are devices installed at the ends of a con- 
ductor to make a firmer, easier, more dependable and 
safer connection between the source of power and the 
unit to be operated. There are two genera! categories 


П 


Неге again, Air Force directives should be Consulted 
before bending or straightening any terminal, As а rule, 
terminals are never bent unless a уегу definite necessity 
exists and rarely if ever ір а wire is larger than an 
AN-12, On wires smaller than this (AN-12 to AN-20), 

only under extreme conditions; to 
provide Proper clearance, 
installation bue first consideration is 
the Proper touting of the wires, 


Figure 3-13 is a disassembled view of a conventional 
electrical plug. The "X's" show these Portions of the 
plug eliminated through “potting” in the F-102A elec. 
trical System. There are however, a few conventional 
Plugs still used. These will be found near the engine 
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compartment where high temperacures make the use of 
the potted plug impractical, 


THE POTTED PLUG, 


) and is used 
aircraft, The F.i924 inter- 


Plug. The major advantage of this plug 
is the circuit reliability it gives ar high 
said that one of the real bugaboos to 


This shorting Out, if you Temember, was due to гарга 
changes іп atmospheric conditions. the lack of mois. 
1 ‚ and the Overall, 


Seemingly endless Process of evaporation and condensa. 


Ás can be seen in figure 3-14, the wire is soldered into 
the solder i Compound acts not only 
аз an insulator а buffer against 


Sudden stress , 
the solder Pot joint. The dotted line is the outline of 
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Figure 3-13. Exploded View of Electrical Connector 


Because this is a comparatively new process, and because 
there will be flight-line "зрос potting,” іс is felt chat 
you. should know something of the process as а whole, 
and have a complete explanation of flight-line main- 
tenance of potted electrical components, That's right— 
components, plural. Not only connectors are potted, 
but also any of the exposed relays, such as the d-c 
warning relay, d-c power disconnect relay, and others. 
Figure 3-15 shows a number of potted electrical com- 
ponents used in the F-102A, You will find «һас the 
wires leading into the master warning control box and 
those leading into the armament disconnect plug are 
also potted. 1n addition to these components, all limit 
Switches in the interlock network in the armament cir- 
cuir are potted. The potting process of any electrical 
component is identical regardless of nomenclature. 


How Electrical Components Are Potted, 

The compound used in potting is called "Thickol," a 
type of synthetic rubber. In color and consistency it is 
similar co taffy candy before it is pulled—tan in color 
and pourable. When you were a kid your mother prob- 
ably made саћу, let it cool slightly, greased your hands 
with butter, and then by "pulling," the сабу gradually 
stiffened and when hardened, it was usually сагеп, It 
was pretty good stuff. Needless to say, potting com- 
pound is not eaten, nor is it cooled. 


In che field, "Thickol" will come to you in two separate 
containers of proper proportions for mixing. It must 
not be stored where the temperature is above 75°F. At 
present the potting compound is a mixture of EC-1120 
sealer and EC-1031 accelerator. The accelerator accom- 
panying the sealer must be used with this sealer aud this 
sealer ошу. 
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This accelerator is highly combustible before іс is mixed, 
and it acts as a positive catalyst to the potting com- 
pound. (A catalyst, as you probably learned ín chemistry 
class in high school, is an accelerating agent which pro- 
duces a quickening reaction on a substance, Water, for 
example, might be called a catalyst when mixed with 
cement.) 


Once mixed, the potting compound is immediately 
poured into plastic injection gun containers, which are 
placed in portable freezers whose temperatures are kept 
at —15?F or cooler, Each container is labeled with its 
contents, date, time of mixing to the nearest five min- 
utes, and the batch number. It is transported to the 
working area in these refrigerating units. 
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Figure 3-14. Connector Prepared for Potting 
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Figure 3-15. Potted Components in the F-102A 
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Figure 3-16. Plug Prepared for Potting 
With Mold 


From 8 to 20 minutes before a plug or relay is to be 
potted, the container is taken from the freezer. In this 
period the compound will attain the working viscosity 
of warm taffy, or heavy molasses. It is not necessary to 
heat the compound. The injection gun container is then 
seated in the injection. gun, and the air pressure is 
adjusted until there is а smooth, bubble-free flow of 
compound. Тһе compound is now ready to inject into 
the mold. (See figure 3-16.) 


When filling the mold, the potter is careful that the 
compound is solidly packed around all solder pots, 
between the wires, and the bushing barrel from the 
bottom to Мі inch above the mold. By solid we mean 
that during the process (as shown in figure 3-17) if any 
air bubbles are detected, а small putty knife or doctor's 
tongue depressor is used to tamp them out. If this does 
пог do the job, a clean piece of wire is inserted into or 
as close as possible to the bubble and moved up and 
down until the bubble disappears. 


One air bubble could cause serious trouble by acting 
as а reservoir for moisture. The potted portion of an 
electrical component must be airtight, otherwise we 
might as well forget potting as а new and revolutionary 
advancement in circuit protection—one just as imporiant 
at high altitudes as any relay or other protective device 
discussed so far in this manual. 
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The Butyrate Mold. 


Тһе butyrate mold is made by dipping steel mold pat- 
terns into a hot solution of butyrate, as shown in fig- 
ure 3-18. The pattern is rotated until àn even coating 
forms on its surface. It is then dipped into tap water 
which instantly sets and hardens it. The mold is removed 
from the pattern by cutting around the base of the 
mold and then diagonally from the top to the base. 
It is then peeled from the pattern like an orange skin 
from an orange. The butyrate type mold is clear and 
flexible, and air bubbles can be seen during the filling 
process. 


Another type mold is made of a cloudy plastic, and air 
bubbles are not as clearly detected. You will find that 
this type mold is generally left on the plug as it is more 
difficult to remove than the butyrate mold. It can, how- 
ever, be removed with a knife and used for flight-line 
spot potting—which we will get to in a moment. 


After the butyrate mold has been removed from the 
pattern, the mold is placed around the wiring (the har- 
ness) and slipped down until its base is seated on the 
thrust ring of the connector as shown in figure 3-18. 
А piece of plastic tape holds the mold in place. The 
mold is sealed along the diagonal cut with a soldering 
iron. (See figure 3-16.) The connector and harness are 
secured rigidly and must be held in this position during 
the entire potting process which has already been dis- 
cussed, The potted plug, relay, limit switch, or other 
electrical component is then allowed to stand for a 
curing period, For example, the curing time at 75°F, 
or approximately room temperature, is 24 hours; at 
85°F, it is 12 hours. The use of a heat lamp for етег- 
gency curing will be discussed under Flight-Line Main- 
tenance of Potted Components. 


FLIGHT- LINE MAINTENANCE OF POTTED 
COMPONENTS. 


From time to time you wil! be called on to initiate 
wiring changes, (һе replacement of broken wires, or 
even the substitution of an electrical component. These, 
of course, will be repair duties that fal! within the scope 
of organizational (flight-line) maintenance, 


The replacement of a potted plug, potted relay, or 
potted limit switch, and minor wiring modifications and 
broken wires will require on-the-spot "potting." For 
that reason we are including in this manual a discussion 
of porting for flight-line maintenance. The method to 
be used miust be followed со the letter if effective results 
are to be obtained. The storage and mixing of potting 
compound will not be covered at this time. The primary 
reason for this deletion is that the mixing and the care 
of compound is critical and should not be attempted 
unless rigidly controlled. 
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Figure 3-17. Potting an 
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ı The Easy Out. 


! As long as we are on the subject of plugs, or connectors, 
, let. it be well understood that the removal or partial 
removal of the socket contacts of a female connector, 
‚ ot the pin contacts of a male receptacle or connector, 
| is frowned upon as poor maintenance procedure. This 
is especially applicable to high-speed, high-altitude air- 
| Craft such as the F-102A. 


' Та the conventional connector there are times when it 
is necessary to disassemble a plug for cleaning or repair. 
In a potted plug this should not be necessary if the 
proper inspection against corrosion of receptacles and 
connectors is maintained. 


Тһе reason for this restriction of pin and socket removal 
should be clear enough. The pin or socket can become 
50 loose in the insert hole that poor electrical contact 
results when they are mated. Because of this loose mat- 
ing, the insert holes become a moisture collecting agency 
which, as you know, causes breakdown of insulation 
which. in turn arms the greatest enemy to an electrical 
system, corrosion. So unless there is a critical emergency, 
and you have received the go-ahead signal from your 
crew chief, do not remove or even partially remove a 
pin or socket from a potted plug. 
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Never attempt pushing contacts up and through the 
potting compound. Let's keep that airplane in a combat 
readiness status, and not endanger the success of a mis 
sion or the life of the aircraft pilot. Let's not lens tor 
what might seem the "easy out" (and we are no! уа ад 
about tools) when maintaining airplanes. 


Flight-Line Potting Equipment. 


The only difference between potting on the line and 
potting on the bench level ox manufacturing level is an 
even stricter adherence to the potting rules and some 
plain old common sense. 


Let us assume that our compound is mixed, and is stand- 
ing by in a portable freezer, ready for use. The freezer 
is оп a cart and under the wing out of the sun. Next 
to it on the cart is a potting kir consisting of: various 
sized potting molds, a small sharp knife, an injection 
gun, clean Teflon injection tubes, a roll of clean cheese- 
cloth, a small oil-free, dust-free paint brush, a narrow 
bladed putty knife or some tongue depressors such as 
doctors use, and a botrle of CVAC SOL 1050-56, a sol- 
vent for cleaning the surface of the component to be 
serviced. An isopropyl alcohol may be used, but only 
as a substitute. 
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Flight-Line on-the-Spot Potting. 


А$ you have learned, there are a number of reasons why 
it'may be necessary for you to perform flight-line on-the- 
spot potting. (See figure 3-19.) If it happens to be new 
würe and there are a number of pigtails already in the 
plug, there is no problem. You simply select the proper 
pigtail and make a permanent splice. A pigtail is a six 
or eight-inch spare piece of wire used for wiring addi- 
tions, and is connected to an unused contact in the con- 
nector. In the F-102A the tips of these pigtails are also 
potted. For the purpose of this discussion, let's assume 
pigtails are not a part of this particular plug assembly, 
Qr that а break has been traced close to the solder pot 
within the potted portion of the plug. What do we do 
how? There is only one safe method of repair for a 
potted plug—complete removal of the potting and 
tepotting. 

| 


REMOVAL OF POTTING. If the plug in question 
happens to be the type of which we spoke earlier—as 
having the cloudy, grey mold, as part of the assembly— 
take the small sharp bladed knife from the potting kic 
&nd cut the mold from the top to the mold base. 
Remove the mold sleeving. The base of the mold is left 
jon the connector. If you are short of molds, or the сог- 
rect size mold has been misplaced, the mold sleeving 
ijust removed may be used for repotting. The potting 
is removed with the knife. Be very careful while digging 
out the potting compound from between wires—a cut 
‘wire may mean another broken circuit. Work slowly and 
cautiously, When the potting is removed, scrape the 
'surface clean and examine the other wires for secured 
connections, or any possible damage which may have 
! occurred during the removal of the potting. Remove the 
" broken wire with a small soldering iron. 


| CLEANING FOR REPOTTING. A plug must be 
| surgically clean for repotting. This is the reason for 

the solvent, the clean paint brush, and cheesecloth in 
| your potting kit. Pour a small portion of the 

CVAC SOL 1050-56 into a clean pan. Take the dust- 
, free, oil-free paint brush, dip it into the solvent and 
| clean the face of the rubber insert, between the wires, 
, the wires themselves and the empty solder pot. When 
you are sure the surfacés are clean, moisten one end of 
а piece of cheesecloth with solvent and clean the entire 
surface of the connéctor. When dry, secure the con- 
nector in an upright position. Тһе connecting face of the 
plug should be held on a flat surface or tied firmly. 
The less movement during repotting, the better the 
job. А good job of repotting is the only acceptable job. 


REPOTTING. We are now ready to repot. Place the 
correct size mold around the harness and slide it down 
until it fits snugly against the mold base. Wrap the mold 
with plastic cape. Hf this particular potted plug is one 
which did not come with the mold on it, the repotting 
mold is seated against the thrust ring of the connector 
and secured by means of plastic tape. If the mold is 
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butyrate it is sealed lightly along the cut edges with a 
soldering iron. If it is a plastic mold it is wrapped with 
tape. 


То pot a connector we must have some compound. 1Ғ 
you remember, we lefe the refrigerated compound in 
the freezer under the wing. Take the compound from 
the freezer and let ії stand for 8 to 20 minutes, or until 
it is pliable under finger pressure. During this time 
interval attach an air hose to the injection gun and 
insert а clean Teflon injection tube, When the com- 
pound is sufficiently defrosted, insert the compound 
container in the injection gun and proceed to pot as 
explained earlier in this chapter. 


CURING THE POTTED PLUG. Тһе curing period 
for a potted plug varies with air temperature. In cold 
climates it may be necessary to use a heat lamp. This 
method of curing may also be used in milder climates 
when an emergency arises, but is not recommended. 
For the best results, the curing or hardening process of 
a potted plug should be carried out under temperatures 
not lower than 70°F or more than 85°F, The following 
chart gives che prescribed curing time for potted elec- 
trical components and approximate curing temperatures: 


CURING TIME FOR POTTED COMPONENTS 


Curing Time (Hours) 


Curing Temperature (Max.) 


CARE AND MAINTENANCE OF 
CONNECTOR PLUGS. 


When we discussed the maintenance and reliability of 
electrical equipment, we referred to a case history where 
а corroded connector caused a false fire warning, We 
said this was a maintenance oversight, and that is what 
it was, The fact that this particular plug was located іп 
the pilot's console was no excuse, A plug is as accessible 
there as it is in a wheel well or any other compartment 
in the airplane, There are no excuses for maintenance 
oversights. Мо excuses, period. 


Connector Plug Inspection. 


Plugs are inspected periodically for corrosion, any indi- 
cation of overheating, and for secure connections. To 
check a plug for corrosion, break the safety wire and 
unscrew the coupling ring with a strap wrench or other 
approved tool Disengage the plug as shown in 
figure 3-20, by pulling it straight out by the metal body 
of the plug. Under no circumstance should the plug be 
disconnected by pulling on the attached wiring. 


When the mated connectors are parted, look for cor- 
rosion. Іс may be found in either the female contact or 
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Figure 3-19. Flight-Line on-the-Spot Potting 
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Figure 3-20. Disengaging a Connector 


on the surface of the male contact. Corrosion is a chemi- 
са! or electrochemical destruction of metal. It can Бе 
detected in a plug by its tell-tale grey, white, powdery 
deposit. 1: can be found anywhere. It acts on metal the 
way termites undermine the structure of a home. One 
day you have a home — the next day it falls out from 
under you. 

Corrosively speaking, one day you might have fine per- 
formance in the airplane you are maintaining; the next 
day poor performance (intermittent operation) or the 
aircraft may fail to return to the base. You will wonder 
why—you may not sleep well that night or for many 
nights. А lot of people will not sleep, а lot of people 
will wonder why the airplane did not come back. 
Don't let this happen to the aircraft you maintain. 
There is no reason for it to happen, if when you detect 
corrosion the contacts of the plug are cleaned with a 


brush or clean rag which has been dipped in a non- 
corrosive solvent, or alcohol. 


After you have inspected the contacts for corrosion, 
check the coupling ring for battered threads, If the 
threads are not in good condition, the coupling ring 
must be replaced. In a potted plug, this would entail 
a complete de-potting operation in order to remove the 
coupling ring. 16 such a case occurs, consult your crew 
chief and let him decide the best method of repair. If 
it is a plug in or about the engine area (these plugs 
are not potted), then a complete disassembly of the 
cable end of the plug is required. The moral to the 
above discussion is: When attaching or detaching con- 
nectors, carefully avoid damaging the coupling ring. 
Stripped threads or a battered or bent coupling ring 
will, as you know by now, require che complete replace- 
ment of the ring in question. 
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Figure 3-21. Engaging a Connector 


Attaching the Connector. 

Connector plugs are easily installed. It is пос necessary 
to force the plug into the receptacle. Before attaching 
the plug to the receptacle, however, lubricate the threads 
with an anti-seize compound. Be sure you apply the 
compound to only the first two or three threads, The 
plug is then positioned in such a way that the key of 
the one part is lined up with the keyway or groove of 
the other part; the plug is then pressed into the recep- 
tacle with a light hand pressure—not forced! Be careful 
also, when engaging the threads of the two parts that 
they mare smoothly; then tighten the coupling ring 
finger tight. Use a strap wrench, or other approved tool 
(such as water-pump pliers covered with tape) to 
tighten the coupling -inch beyond finger tight. Use 
new safety wire to secure the connector. Do not attempt 
to salvage the old safety wire, It's about as useless as 
the string of a hurriedly opened bundle of laundry. 


TROUBLE SHOOTING THE Е-102А. 

In discussing trouble shooting, let's get straight to the 
point. There is nothing simple about trouble shooting. 
But if you understand the circuits involved, your job 
is simplified immeasurably. You should know by now 
that any gadget having moving parts is subject to mal- 
function at one time or another no matter how well 
it is engineered. You should also know by now that 
due to the peculiarities of electricity, under certain 
atmospheric conditions and the stress and strain of 
flight, electrical components are unpredictable. 


Unfortunately, things do wear. If this were not true 
there would be little need for you as a mechanic, of 
inspection, of maintenance as such, or of this training 
supplement. In this section, trouble shooting or circuit 
testing will be discussed generally. Testing equipment, 
such as the voltmeter, ohmmeter, and continuity tester, 
which is used in trouble shooting, will also be covered. 
For the trouble shooting charts applicable to the F-102A 
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you should refer to Т.О. 1F-102A-2-10. This is also 
true for the operational checks and testing of the 
F-102A electrical systems. The inspection requirements 
will be found іп Т.О, 1F-102A-6. 


But as long as the above subjects have been brought 
to mind, the inspection and the operational checks 
and testing are as important as any function you might 
perform on the line. They are vital! This is mainte- 
nance, this is what we mean when we speak ој“... your 
efficiency in maintaining . . ." a certain aircraft. So, in 
the inspection, maintenance, and operation of aircraft 
electrical equipment, you must and will be called on 
often to measure voltage, current, resistance, and to 
make continuity checks. 


А number of instruments have been developed for this 
purpose. You have heard of them— you have probably 
used them. Let's talk about them. Let's find out what 
makes them "tick" and how and why they are used. 
In order that you understand these instruments thor- 
oughly, perhaps we should touch on a measuring device 
known as the galvanometer. It is basic. The principles 
of the D'Arsonval galvanometer have been applied to 
the design and construction of both the voltmeter and 
the ammeter. 


THE GALVANOMETER. 

When we talked about the effect of a loop on a mag- 
netic field in Chapter I, we were talking indirectly about 
the basic principles of the D'Arsonval galvanometer. 
То review: if you bend a straight conductor into a loop 
and current flows through the conductor, a magnetic 
field is set up within the loop. Now, if you were to 
place à compass needle inside the loop, as shown in 
figure 3-22, the induced magnetic field would cause the 
needle to deflect, This is the galvanometer in its sim- 
plest form. 
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Figure 3-22. Simple Theory Behind 
the Galvanometer 
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The galvanometer movement is used іп voltmeters, 
ammeters, thermocouple thermometers, electrical 
tachometers, and other similar instruments. Figure 3-23 
shows the internal wiring of a galvanometer. 


The galvanometer used for airplane electrical systems 
i$ the moving coil D'Arsonval type. This particular 
Balvanometer consists of a coil of many turns o£ very 
fine wire, having a resistance of hundreds and even 
thousands of ohms. It is wound usually on an alu- 
minum frame which is suspended between the poles of a 
horseshoe magnet. The core is securely fastened. The 
coil frame is on a shaft and is free to move on jeweled 
bearings attached to the core. 


When current is induced, the coil acts like a small 
motor and starts to turn. Its rotation is opposed by a 
spiral spring whose ends also serve as current leads, 
so that the current flowing into the coil by the minus 
(—) lead is counterbalanced by the amount of current 
їп the plus (--) lead. A calibrated scale indicates the 
movement that takes place. 


You have probably seen old-fashioned scales used for 
weighing sugar, coffee, and the like—when a scoop of 
sugar must be balanced by its equal weight on the other 
side of the scale. Chemists and druggists still use a sensi- 
tive version of these old scales for weighing very minute 
quantities of chemicals and drugs. 


In the same manner a galvanometer is so sensitive that 
its needle will be deflected by extremely small currents. 
The current flowing through the armature of the coil 
establishes a magnetic field. In this way one side of 
the core becomes a north pole and the other a south 
pole. From your knowledge of magnetism you should 
be able to figure out what happens when a current 
flows into and through a coil which is suspended 
between the poles of a permanent magnet. Our law of 
attraction and repulsion is applied. The south pole of 
the coil seeks the north pole of the permanent magnet, 
and at the same time, the north pole of the coil seeks 
the south pole of the permanent magnet. 


Let's apply Ohm's law to this. We know that the extent 
of the rotation in the coil depends on the amount of 
induced current. Since the amount of current flow 
depends on the applied voltage, and since the resistance 
in the coil of a galvanometer is constant, the amount 
of deflection of the coil, according to Ohm's law, will 
indicate the amount of applied voltage. Now, all that 
need be done is to add a scale calibrated in such a man- 
ner that the needle deflection will indicate the amount 
of applied voltage — and we have the voltmeter. 


THE VOLTMETER. 


The voltmeter used on airplanes is a galvanometer 
movement connected in series with a high-resistance 
unit. The voltmeter is used to measure the potential 
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Figure 3-23. Internal Wiring of а Galvanometer 


difference between two points. The purpose of the high 
resistance is to limit the current flow through the meter 
movement. Most voltmeters give a full scale deflection 
with less than 0.01 ampere flowing through the move- 
ment. Because the resistance of the meter is fixed, the 
current flow and the amount of deflection of the needle, 
or pointer, are dependent on the voltage applied to 
the terminals of the meter. The pointer indicates оп the 
scale the voltage across the unit being measured. 
Figure 3-24 shows the internal wiring of the voltmeter. 


When trouble shooting or checking a system with a 
voltmeter, always connect it in parallel with the elec- 
trical unit to be tested. For example, if you were check- 
ing the voltage at the d-c voltage control panel of the 
F-102A, you would connect the plus (+) terminal of 
the voltmeter to the positive (+) side of the panel, 
and the minus (—) terminal of the voltmeter to the 
negative (—) side of the panel. That is, you would if 
you wanted to attain a correct direction of pointer 
deflection. If by accident you connected the voltmeter 
in series with the circuit, no harm would be done to 
the meter, but the other units in the circuit would not 
operare. 


In the first instance, the current is limited by the high 
resistance of the meter, and in the second, the current 
flow is limited by tbe meter, This should be clear 
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Figure 3-24. Voltmeter Wiring Schematic 


enough, if you remember our discussion of series circuits 
in Chapter IL. Short or blow one gadget in the circuit 
and they all cease to operate. А word of caution— 
never connect а voltmeter to a source of voltage which 
exceeds its calibrated scale. 


Note the selector switch at the lower right portion of 
the schematic (figure 3-24). This switch permits you 
to introduce various fixed resistances into the voltmeter 
circuit, so that wide ranges of voltages can be measured 
with one small, compact instrument. Otherwise, you 
would have to use either a meter with a much larger 
scale, or a number of separate instruments with appro- 
priate internal resistances for the voltage range for 
which they are calibrated. 


When measuring the voltage of any circuit, it is always 
advisable to select the highest range indicated by the 
selector knob. According to the deflection of the needle, 
you can then move the knob to lower ranges to obtain 
more sensitive readings. This method of starting at the 
highest range provided by the selector prevents violent 
deflection of the needle and subsequent damage to the 
internal mechanisms and circuits of the meter, which 
would happen їп case you accidentally measured a high 
voltage with the switch at a low indicated range. 


108 


THE AMMETER. 


Ап ammeter uses essentially the same internal move- 
ment as the voltmeter we have just discussed. Instead 
of a current limiting resistor in series with the move- 
ment, the ammeter uses a shunt, or current bypass, in 
parallel with the movement. This arrangement is shown 
in the accompanying internal wiring diagram, 
figure 3-25. 


As you learned in electrical school, a shunt is a resistor 
made of a special alloy which changes very little in 
electrical resistance even though there may be decided 
temperature changes. The movement of the meter and 
the resistances of the shunt are so proportioned that 
most of the current flows through the shunt. Only a 
small fraction of the current flows through the move- 
ment—just enough to pive a full-scale deflection when 


the total current is equal to the maximum range of the 
ammeter, 


An example of this can be seen in the illustration of 
an ammeter with an external shunt (figure 3-26), This 
is a 300-ampere ammeter, typical of the one used in 
airplanes. If а movement із used which requires 0.01 
ampere to give full-scale deflection, only 0.01 ampere 
will flow through the meter when 300 amperes is 
measured, As can be seen, the remaining 299.99 amperes 
will flow through the shunt. 
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Figure 3-25. Ammeter Wiring Schematic 
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Figure 3-26. Ammeter With External Shunt 


While we are on this subject, most airplanes that have 
an ammeter mounted on their instrument panel, have 
ihe shunt parc of the ammeter installed in a junction 
box which is connected to either the plus (+) or 
minus (—) generator lead. When you find an installa- 
tion of this kind, or if you ever have to make such 
an installation, you must always use the leads furnished 
with the meter. Never alter their length. The reason 
for this warning should be obvious. 


Ап ammeter is used to measure electrical current flow- 
ing in a circuit—and as you learned in Chapters 1 
and I, there is such a thing as "drop." Also, unlike 


our voltmeter, ам ammeter is always connected in series 
with tbe load. The positive (+) terminal of the 
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Figure 3-27. Internal Wiring of ап Ohmmeter 


ammeter is connected to the positive side of the load. 
Under no circumstances should the leads be connected 
across the terminals of a battery or generator—you 
would immediately burn out the meter, An ammeter is 
never used, for example, in continuity testing, since 
it has very low resistance and would thereby short- 
circuit the battery. 


THE OHMMETER. 


An ohmmeter is composed of a meter movement, a net- 
work of resistors, and a small dry cell battery as a 
source of voltage. The internal wiring is shown in 
figure 3-27. Ап ohmmeter is used to measure the resist- 
ance of a unit or circuit. Since the voltage supplied 
by the ohmmeter is constant (the dry cell), the current 
through its meter movement, and hence the deflection 
of the pointer, depends on the resistance of the unit 
being tested. Тһе meter, therefore, indicates the resist- 
ance of the wire, or cable, or unit measured. It is cali- 
brated to read this resiscance directly. 


Іп trouble shooting, the ohmmeter, although primarily 
designed to measure resistance is useful for checking 
continuity. We will discuss continuity testing in а 
moment, but first let's rake another look at the internal 
wiring diagram of our ohmmeter (figure 3-27). 


Remember, the ohmmeter uses a small battery for its 
source of voltage. The fixed resistors are of such value 
that if the test probes are shorted together, the meter 
will read full scale. The variable resistor, in parallel 
with the meter, and the fixed resistors serve to com- 
pensate for changes in the voltage of the battery. The 
variable resistor provides for a zero adjustment of the 
indicator which is made on the meter control panel. 
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Figure 3-28. Simple Wiring Diagram of a Typical Volt-Ohmmeter 


On the face of the meter there may be several cali- 
brated scales, These are made possible by the various 
values of resistances and battery voltages. When using 
the ohmmeter you first select the desired scale by а 
selector switch on the meter panel. Each scale will read 
low resistances at the upper end. The greater the resist- 
ance in a circuit, the less deflection will be seen on the 
indicator. 


THE VOLT- OHMMETER. 


Тһе instrument most used in testing and trouble зћоог- 
ing circuits is known as a volt-ohmmeter. Аз the name 
implies, this is a combination of the voltmeter and ohm- 
meter. The schematic drawing (figure 3-28) shows the 
internal wiring of a typical instrument. Аз is the case 
with most manufactured products, there may be vari- 
ations in the circuits and the connections, The one 
illustrated shows the fundamental principles behind all 
volt-ohmmeters; whether it is a Simpson, model 260, 
or any other instrument; only the values on the face of 
the meter change. 


As we have said, the volt-ohmmeter is a combination 
instrument. A rotary switch on the instrument case is 
moved to the position marked "V" when the voltmeter 
is used, and to "R" when the ohmmeter is used. One 
of the test leads is plugged into the jack "X," the other 
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into the jack labeled “К” when it is to function as an 
ohmmeter; the "V" jack of course is used for voltage. 
To eliminate any resistance in the leads themselves, the 
free ends of the test probes are touched together, and 
the adjustment knob is moved until the needle indicates 
zero on the right side of the scale. 


By using our simplified volt-ohmmeter above, let's 
measure the resistance of an unknown resistor. This 
is done by touching the two test leads at each end of 
the resistor. When the needle comes to rest on the 
scale, (һе value іп ohms will be indicated. Вис let's 
suppose that we have not selected the correct resistance 
range and the needle moves completely off the scale. 
To get a proper reading you would simply disconnect 
the test lead from “R” and insert it in "В X 10." Any 
reading you now get on the scale must be multiplied 
by 10 to obtain the correct resistance. Note that the 
volt-ohmmeter illustrated has a rotary switch and dial 
with several scales for this selection. 


THE CONTINUITY TESTER, 


Continuity cesters vary in construction and operational 
design. One type consists of a small lamp connected 
in series with two dry cell batteries and two leads with 
alligator clamps. Another type contains two batteries 
conneced in series with a d-c voltmeter. A completed 
circuit will be registered by the voltmeter. 
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CONTINUITY IN AN ELECTRICAL CIRCUIT. 


An electrical circuit must possess continuity. Mr. 
Webster says that continuity is the state or quality 
of being continuous; something that has or gives 
continuousness or sequence. The word continuousuess 
is a good word, especially when we are talking about 
the continuity in an electrical circuit, for if we don't 
have continuousness, we have trouble. 


In other words, an electrical circuit, chrough which our 
electrons "beaver" so eagerly from the generator on 
through their maze of elements in a circuit, must have 
€ontinuousness if it із to do the job demanded of it. 
As you have learned, an ohmmeter, voltmeter, and 
continuity tester are used го test the continuousness of 
an electrical circuit—an ammeter, never, 


If an electrical circuit lacks continuity, it is generally 
httributed to three causes: open circuits, due to broken 
leads and wires, tripped circuit breaker, or a blown 
fuse; sbort circuits in which grounded leads cause the 
current to be returned by short-cuts to the source of 
power; and low power circuits which make aircraft 
lights burn dimly and the relays chatter. 


Electrical troubles, however, may not always develop 
in the wiring; it could be within one of the electrical 
units. Even if there is a failure in any electrical unit 
when its control switch is turned on, a check must be 
made of the power lead to the unit, to determine chat 
it is neither shorted to ground, nor is an open circuit. 
Іс is most important that trouble in an aircraft electrical 
system be carefully analyzed, and systematic steps be 
taken to isolate it. Time and energy can be saved, and 
damage to expensive testing equipment can be avoided, 
if you follow a specific procedure. Do not bulldoze 
ahead without rhyme or reason. 


CONTINUITY TESTING FOR 
“SHORTS” AND “OPENS.” 


А short circuit will make the protective circuit breaker 
trip; an overload, because of ground fault within an 
operating electrical unit, will do the same. A short may 
be caused by a lead that is shorted to ground or to 
another electrical lead. Shorts are dynamite to an air- 
craft electrical system, and unfortunately, in some 
instances they cannot be avoided. The reason for a 
short circuit is sometimes nebulous and hazy. 


Usually shorts can be attributed to moisture, the direct 
contact with liquid seepage, punctured insulation, or 
chafing due to constant rubbing against another lead 
or against the airframe of the airplane. There are 
others, but if you will look аг any trouble shooting 
chart, che second column will read, "Probable Cause." 
То refer го Mr. Webster again, "probable cause" is 
an expression taken from the law which means a reason- 
able ground of assumption that a charge is well 
founded. But, if you have a tripped circuit breaker 
your "short circuit" cause is well founded. 
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When you have reached this "reasonable ground of 
assumption," you will probably be right (that a short 
circuit is the basis of the trouble); visually inspect che 
wire from the tripped breaker throughout its entire 
length to the unit іс connects, For example, a short 
circuit will create heat, and heat will char or brown. 


Vinyl tubing, found on wires or around bundles, as a 
case in point will-darken perceptibly even if cigarette 
smoke is blown through it, Remember—the cause is 
probable, the effect is not; so if you find the wire 
visibly free of defects and the connecting plug free of 
moisture, the electrical unit itself must be checked. Let's 
go back to our "sure-fire" testing instruments. 


The two illustrations in figure 3-29 show you the tech- 
niques in tracing "shorts" or "opens" when voltmeters 
or continuity testers are used for checking circuit con- 
tinuity. Аз you can see, it is a process of elimination 
and isolation—each wire segment is progressively 
checked until an open or disconnected area is found. 
The illustration shows when a continuity tester is used. 
These are the surest and quickest methods for checking 
the circuit for "shorts" and "opens." 


An open between an electrical unit and its power 
source will not cause a circuit breaker to trip or a fuse 
to blow. The current just won't flow at all; if started, 
it may flow only partially through the circuit and then 
directly back to the source. In locating an open circuit, 
either a voltmeter or continuity tester may be used 
as we have illustrated, 


However, before making a continuity check be sure 
the wire being checked is isolated electrically. By this 
we mean, be sure a false continuity reading is not being 
obtained through an interconnecting circuit. With a 
continuity tester, the lamp lights when there 15 a com- 
pleted circuit, It will not light when there is an open 
or incomplete circuit, Wich a voltmeter, the first zero 
reading during a continuity check will indicate the 
break in the circuit. 


Keep in mind though, when testing a landing lamp 
for example, thar che voltmeter will read the desired 
voltage when the positive lead is connected to either 
terminal of the lamp. Тһе reason for such a reading 
is, of course, that there is no potential difference across 
the lamp. There is no current flowing through che 
lamp, except that allowed by the voltmeter, and this 
would not be enough to light the lamp. 


Іп checking with an ohmmeter, connect the leads across 
the circuit. А zero ohms reading will indicate circuit 
continuity, Аз you learned when we discussed ohm- 
meters, choose the dial reading (whether it reads 
R x 1, R x 10, or R x 10,000) which you think will 
contain the resistance of the element you are measuring. 
Generally speaking, you should select a resistance value 
in which the reading will fall midway, or somewhere 
in the upper half of the scale. 
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Figure 3-29. Continuity Testing With a Continuity Tester 


Here are a few words of caution when using measuring 
instruments, When testing with a continuity tester, the 
test lead probes should be inserted at the segment con- 
nection points only. Under no circumstance should you 
pierce the insulation at intermediate points with either 
the probes, or a sharp instrument of any kind. Perma- 
nent damage would be the result. 


When making a circuit test with ап ohmmeter, sever 
attempt to check the continuity or measure resistance 
in a circuit while it is connected to a source of voltage. 
In addition, disconnect one end of an element when 
checking resistance; otherwise the ohmmeter will read 
resistance for the parallel paths, And finally, never try 
to be a good. guesser. Always locate the trouble in the 
positive lead of the circuit, the operating unit itself, 
or in the negative lead before you attempt to remove 
опе piece of equipment, or one segment of wire. 
Always be sure—then go ahead. We wil! refer to 
trouble shooting тоге specifically in the next section of 


this supplement, when we analyze the d.c electrical 
system of the F-102A. 


LEADING COMPONENTS OF THE 
F-102A D-C SYSTEM. 
In Chapter [ we introduced you to the 4-с electrical 


system of the F-102A. Chapter II was given over pti- 
marily to a general discussion of power distribution 
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through a d-c system, the circuits used, the controlling 
devices, the main power source, and finally the essential 
and non-essential bus system of the F-102A. In this 
chapter, we have traced d.c electrical power from the 
earliest airplanes to the more modern equalizer d-c 
circuit, Our next topics for discussion were the main- 
tenance and reliability of equipment; their perform- 
ance at high altitudes, in cold weather, in sand-laden 
atmosphere, and in the tropics where fungi and mois- 
ture play such havoc with electrical systems. 


We then discussed the wiring and its applicability to 
the F-102A—the terminals used, the potted plug, and 
the care and maintenance of connectors in general. You 
then learned the instruments used in trouble shooting 
and how they should be used. Any discussion of trouble 
shooting in a manual such as this one can only gener- 
alize on the subject. It is the "doing" that counts. 


As we told you, the trouble shooting charts for the 
F-102A will be found in T.O. 1F-102A-2-10, and at 
best they can only be probable in nature. It is you who 
must ferret out the trouble and this can only be done 
as we have outlined under the section given over to 
trouble shooting — by a patient and efficient analysis 
of the "probable cause." But you can't even do this, if 
you do not know how the system works, what com- 
ponents it contains, or how it is wired, 
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The remainder of this chapter is devoted to the actual 
| components and how they are wired into the F-102A 
d-c electrical power system, from the sources of power 
to the essential and non-essential buses; and an analysis 

of the system as a whole. You have been told how 
| the electrical components work and why they are put 

into a system, and what they do when they are there. 
| As we stated at the beginning of Chapter II, the best 
| power system for any airplane is one tailored to meet 


| the particular demands of the particular airplane. It 
Ç was stated also that the reliability of an airplane power 
system, depends on the interconnecting network which 
distributes the electrical current demanded by this or 
that circuit. The above statements are basically true, 
but the prime source of power, for the Е-102А d-c 
electrical system, 15 mechanical іп nature—the constant- 
speed drive assembly. 
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Figure 3-30. Constant-Speed Drive Assembly 


THE CONSTANT-SPEED DRIVE ASSEMBLY. 


Figure 3-30 shows the conscant-speed drive assembly 
as located in the F-102A. The constant-speed drive 
system, which is perhaps a better way of describing it, 
consists of an engine mounted gear box, a universal 
drive shaft, a transmission and gear box assembly, and 
the d-c and a-c generators. 


As you can see in figure 3-31, the engine mounted gear 
box is driven directly from the engine. Through its 
gearing, the double universal drive shaft is rotated, 
driving the transmission and gear box assembly. This 
is the largest component of the system; it is mounted 
on the right-hand side of the airframe, outboard from 
and beside the engine. Removal or installation of this 
assembly necessitates the complete removal of the air- 
craft engine. 
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On the forward end of the transmission and gear box 
assembly із the d-c generator mounting pad. When the 
generator is mounted and the engine is turning over, 
the generator is driven through its drive system at an 
input ratio of 1.065 to 1. This means that the input 
from the engine to the engine mounted gear box, and 
through the drive shaft to the constant-speed gear box, 
and then to the generator, is 1.065 revolutions to one 
revolution of the engine. When facing the gear box 
mounting pad, the generator turns in a clockwise direc- 
tion; its speed varies with engine speed at the ratio 
fixed to the engine input, The output end of the trans- 
mission also has a mounting pad. This is provided for 
the a-c generator which we shall discuss later on in 
this manual. 


Oil received from the engine oil reservoir hydraulically 
operates and lubricates the transmission and gear box 
drive assembly. An inverted flight valve, installed 
between the top and the bottom outlet of the engine oil 
tank, makes the lubrication and operating oil available 
to the transmission and gear box assembly during both 
normal and inverted flight. 


For additional information regarding this 
drive assembly, or system, your attention is called to 
Т.О. 1Е-102А.2-10, and Т.О. 1Е-102А-2-4. For the 
purpose of this supplement the above brief description 
and its relationship to the d-c generator is sufficient. 


THE F-102A D-C GENERATOR. 
COOLING SYSTEM. 


The F-102A 4-с generator mounted on the forward end 
of the constant-speed drive unit geat box is air-cooled 
by ram air from the engine cooling air inlet duct scroll. 
As can be seen in figure 3-32, the air passes from the 
scroll and moves back through the ducting to the gen- 
erator cooling air inlet ducts. The cooling air enters 
the generator through its air inlet housing. It then 
circulates through the air blast cover, past the commu- 
tator, back over the armature and out through the cool- 
ing access holes at the drive end of the assembly, Then 
the air exits through a short duct and flapper valve to 
the engine accessory area, 


The Two Cooling Conditions. 


There are two cooling conditions in the system. In 
flight, with landing gear retracted and an airspeed of 
150 knots (175 mph) and above, the pressure in the 
engine air inlet duct is such that the flapper door is 
closed (detail А). Below 150 knots and with the land- 
ing gear extended, a low-pressure area exists in this duct 
and the spring-loaded flapper door opens (detail B). 
(You can find a detailed account of these two condi- 
tions in the Power Plant Supplement, Chapter 11.) This 
allows uncontaminated air to be drawn through the 
flapper door which is in the side of the fuselage next 
to the constant-speed drive unit installation, causing 
what might be called a backdraft, 
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Тһе bleed air shutoff valve opens to allow supple- 
mental air for ground cooling, and to maintain engine 
speed during decelerarion. Аз shown in figure 3-32, 
the bleed air shutoff valve is an electrically operated 
sensing valve. It opens when the landing gear is 
extended and closes when it is retracted. 1n other words, 
as soon as we have a reduction of ram air pressure, 
we have supplemental air which causes backdrafts— 
not only for the generator cooling system but also for 
engine accessory section cooling air. This is very much 
the same as what happens when an ordinary fan or 
blower is shut off. After it has stopped twirling in one 
direction, we have a windmill effect as it begins to 
reverse its direction. 


THE F-102A GENERATOR. 


As you have learned, power to operate the 30-volt 
d-c generator, which delivers the rated current of 
200 amperes at minimum engine speed, is supplied 
from the variable speed pad on the forward end of the 
constant-speed drive unit. The generator is tested and 
retested prior to installation. ЈЕ a generator is not 
loaded beyond its capacity rating and if simple main- 
tenance áction is taken, it will give many hours of 
satisfactory service. 


Inspections Are Critical. 


It should be clear at this point just how important a 
clean, secure generator is; and how vital a constant 
terminal voltage is to any electrical system. For this 
reason, periodic inspection schedules are set up to insure 
top performance of all components of Air Force air- 
craft. In. the case of an aircraft such as the Е-102А, 
which must be in a constant state of readiness to repel 
а sudden attack, these inspections are even more critical. 


Just what are these inspections? First of all there is the 
preflight inspection, This inspection is performed under 
two categories—with electrical! power on, and with 
electrical power off. The postflight inspection is carried 
out after the airplane has returned to the base. ‘This 
inspection is also performed with electrical power ол 
as well as off. Both are important, functions in your 
role as a flight-line maintenance mechanic, 


Periodic inspections are made after a prescribed number 
of flying hours. These inspections are thorough, search- 
ing inspections of the entire airplane and its systems. 
Another inspection category is known as special inspec- 
tion requirements, This phase of aircraft inspection is 
supplemental го che requirements of preflight, post- 
flight, and periodic inspections. These inspections fall 
due at régular intervals and are additions to the regular 
inspection schedules. For example, іс is specified in the 
Т.О. 1Е-102А-6, which lists these inspection require- 
ments, that after every eighth periodic inspection the 
following check will be made: 
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Constant-Speed Drive System 


Figure' 3-31. 
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Figure 3-32. F-102A D-C Generator Cooling System 
116 


Both electrical systems (this means d-c and ac), 
from the generating source of power to each 
electrical component, must be checked for wire 
deterioration (chafing and fraying); specified 
support (harness and bundle route security); 
and for evidence of overbeating. The connector 
plugs must be checked and their exteriors 
examined for security, cracks and overheating. 
Wire shielding must be checked for fraying, 
crimping, corrosion, and damage. The junction 
boxes must be checked for cracks, drainage, 
cleanliness and security, Plastic tubing must be 
checked for specified drain holes, damage, 
and security, Terminal strips, connections, 
bonding jumpers, and ground connections are 
checked for damage, corrosion and security. 
The above check excludes only the instrument, 
radio, radar, and armament wiriag from the 
main power buses to the operating units. 


The Alert Habit. 


The "alert habit" is a very important and critical inspec- 
tion practice and great care and patience should be 
used when carrying it out. While we are on this subject 
(and this is one of the reasons why special inspection 
*was brought into the discussion) don't wait for these 
eighth, sixth, or fourth periodics to come around. 
Everytime you poke your head into a compartment, 
access door, wheel well, or the cockpit of the airplane, 
keep your eyes open. Such alertness should become a 
habit with you—a part of your general personality 
which you could well carry anywhere you go, whether 
you are in the nose wheel well of the F-102A, or 
strolling down the main drag in Hollywood, or in 
Kokomo, Indiana. Get the point? You'll never know 
what you might have missed, by looking the other way. 


During each fourth periodic inspection of the F-102A— 
after the power plant is removed—the generator brush 
cover and the air inlet duct are removed. The inside 
surfaces are wiped out with a clean, lintless cloth. If 
you find indications of oil, grease, or dirt; clean the 
surfaces with a prescribed commercial grade of ether, 
or dry thoroughly with compressed air, Under но cir- 
cumstance should you use carbon tetrachloride for this 
method of cleaning, Serious damage to the generator 
will result. If oil or grease is found on the generator 
brushes, a new set of brushes should be installed; or 
if che brushes are worn to the minimum length of 
11/16 inches they must be replaced. 


The Inspection and Replacement of 
Generator Brushes, 


The inspection of generator brushes is extremely diffi- 
cult, wichout engine removal. It can be accomplished, 
however, with the aid of mirrors and by disconnecting 
certain elements in and around the generator. This is 
a procedure which you can learn only by the actual 
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"doing," so it will not be covered here. Actually reading 
or discussing maintenance action familiarizes you with 
the method of "doiag"—it does not make you an 
efficient electrical maintenance man. You must "do" to 
make your familíarization achieve the end result; which 
is working knowledge and the self-confidence that 
comes from doing well the job at hand. 


Now, let's cover the inspection and replacement of gen- 
erator brushes, when there is easy access to the constant- 
speed drive assembly—(when the engine is not installed 
in the aircraft), Access to the d-c generator, is through 
the right-hand engine accessory compartment door in 
the belly of the plane, or from the rear of the plane 
through the engine compartment. At the present time, 
the engine is removed at each periodic, therefore, you 
will have easy access from both directions, The inspec- 
tion of the generator brushes, as we have mentioned, 
is specified for each fourth periodic check. A periodic 
check on the Е-102А is performed every 25 flying 
hours. This means that the generator and brushes will 
be checked every 100 hours of flying time. This speaks 
well of the modern airplane generator brush for high 
altitude aircraft; especially, when we think back a few 
years and realize that it wasn't so long ago that brushes 
completely disintegrated in a matter of minutes, at 
altitudes much lower than the present ceiling of the 
Е-102А. 


There аге such things as "preventive maintenance" and 
"common sense.” You would not have been one of 
those chosen to maintain a jet interceptor, if it weren't 
assumed that you had common sense (an instinctive 
sense also known as "horse sense"). Use it! It will not 
take you very long to check the generator, after the 
second or third periodic, especially the brushes, But let 
us say this, a component can be inspected into a mal- 
function—threads and air duct clamps wear, as do the 
ducts themselves. In other words, if the system is in 
good working order, the generator is secure and shows 
no signs of excess oil or grease (and if your "horse 
sense" is working), pass it by—but with your eyes open. 


Let's discuss the inspection of penerator brushes at the 
prescribed time interval (every fourth periodic), Once 
you have gained access to the generator and the air 
ducts have been removed, and the air inlet duct has 
been cleaned; unsnap the spring catch and remove the 
window strap or brush cover band assembly. This 
accomplished, lift the brush spring arm with a brush 
spring lifter tool (as shown in figure 3-33) as far 
as is necessary and pull the brush from its holder. 
Examine the brush and look for cracks near the rivets 
—then measure it for the minimum required length 
tolerance of 11/16 inches. As shown in figure 3-34, 
brushes are measured from the top to the longest edge 
of the brush seat. This is the time for a little of that 
"horse sense" we were speaking about. 
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Figure 3-33. Removing F-102A 
Generator Brushes 


This is actually a 100-hour check, and based on a 
periodic occurring every 25 hours, The next inspection 
period is 100 hours away. Let's assume the brush meas- 
ures just within tolerance, and you know approximately 
how much it has worn since the last check; this then 
calls for your maintenance experience— "know-how." 
(Should you change it or not?) If there is any doubt 
in your mind, ask your crew chief, or if you are the 
crew chief—it's your decision, Remember, generator 
brushes are critical items in high-altitude aircraft. Yes, 
even "halide" treated brushes, What would you do? 
Would you refer to the applicable Air Force directive, 
or would you change it? 


Oil and grease in a generator is liquid dynamite, for 
two reasons—it will form a scum on the brushes that 
acts аз an insulator causing failure of the electrical sys- 
tem; and it constitutes a fire hazard, if arcing takes place. 


If the commutator is found free of tell-tale burns, 
grease, oil, and carbon dust concentrations, or particles 
of carbon in the undercut mica spacing; there is no 
reason for you to change the generator. If however, 
the brushes are worn and the commutator appears dirty; 
replace the generator with a new or reconditioned 


опе, This replacement procedure is given іп 
Т.О. 1F-102A-2-10, 


Ап additional word concerning the commutator. А 
short circuit or open armature coil (disconnect or 
break) will have occasional burned commutator bars. 
If a whole series of consecutive bars are burned, the 
trouble may be due to eccentricity (out of round); oil 
or grease on the commutator; or it could be caused 
by worn or sticky brusbes, от possibly rough bearings. 
In any case, if any of the above causes for malfunction 
are in evidence, a new generator must be installed. 
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When it is found that the generator brushes must be 
replaced, another generator should be installed. There 
is reason behind this statement. First of all, it is good 
maintenance practice, and that is what we аге inter- 
ested in promoting. Secondly, as you probably know, 
the prescribed time for generator brush гип-іп is four 
hours, By run-in, we mean the proper seating of the 
brushes in the direction of the commutator rotation. 
This run-in must take place, and the brushes must be 
seated 100% before апу load is applied to tbe generator. 
Failure to comply with this will result in sparking of 
the unseated brushes, and the burning and pitting of 
the commutator. For this reason alone, brush run-in 
with the aircraft's engine would not be good practice. 
There would be too great a momentary load thrown 
on the generator. After all, four hours is average run-in 
time for proper brush seating. It takes only an hour 
at the most to replace a generator. In addition, to 
properly seat brushes the generator must be operared 
under motorized conditions—this cannot be done with 
the generator in the aircraft, This is a bench job and 
out of your bailiwick. So when it is found thar the 
brushes need replacing, it is recommended that you 
install a new generator. 


Generator Brush Spring Tension. 


When you have examined the brushes and found them 
in good condition, replace them in their holders. Be 
careful in this replacement and do not allow the brush 
springs to snap back against the brush, since the spring 
tension might crack the brush. This brings up another 
important check of the generator, brush-spring tension. 
Brush-spring tension is accomplished by using a spring- 
type hand scale as shown in figure 3-35. Insert the 
scales hook, under the brush spring, and lift the scale 
until the brush spring just clears the top of the brush. 
Тһе reading should be between 32 and 48 ounces, or 
two to three pounds. In lowering the spring to the top 
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Figure 3-35. Testing Spring Tension 


of the brush, do it gently. Another warning: under по 
circumstance should you attempt to adjust the spring 
tension, This requires the use of special tools and should 
only be done during generator bench-checks. 


F-1024À Generator Field Flashing. 


Early in this chapter we mentioned the rerm "field 
flashing.” Іа that instance, we referred to it when 
discussing early two-generator battery systems, A great 
deal has been added to "field flashing" techniques since 
then, Why is "field flashing" necessary? If an airplane 
has been parked for long time intervals, the field wind- 
ings of the d-c generator may lose their residual mag- 
netism and fail to build up the rated terminal voltage. 
It is also possible that reverse currents may be induced 
into these windings on engine shutdown; reversing 
the residual magnetism, so that voltage buildup in the 
generator will be exactly opposite to its normal polarity. 
In either case, the trouble is corrected by "flashing the 
field" with an outside source of power usually a 12-volt 
battery. 


In the F-102A the field is flashed by placing the d-c 
generator switch momentarily in RESET before placing 
the switch to the ON position. The d-c control panel 


which we discussed in Chapter П contains a device 
whereby the field windings are automatically flashed 
when the generator switch is placed in RESET. 


During RESET, the generator output is connected 
momentarily to the voltage relay coil in the differential 
relay until the voltage builds го 22 volts, When this 
voltage is reached, the correct polarity has been reached 
іп the field windings. It is the field relay interlock 
which provides this trip-free reset action; this circuit 
is energized from the essential bus when the reset 
switch is actuated from the cockpit, 


CARE AND ADJUSTMENT OF THE 
D-C CONTROL PANEL. 


In Chapter П, we thoroughly discussed the d-c control 
panel. In che next section of this chapter, the control 
panel will be further discussed when we analyze the 
d-c circuit. 


In some early models of the F-102A, the 4-с control 
panel was removed from the airplane by first removing 
the safety wire from the chrome locking handle. The 
handle was then pulled out from the mount, and the 
unit slid straight forward toward the locking handle, 
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Figure 3-36. F-102A D-C Control Panels 


so that it would clear the two fittings on the mount and 
the male fittings of the quick-disconnect plug. If by 
any chance you should be called upon to maintain an 
F-102A not yet modified, be careful not to twist or 
move the unit sideways on removal or on installation. 
To do so would either distort or bend the plug pins, 
or crack the insulation in the plug. 


Тһе modified version of the F-102A 4-с control panel, 
as shown in figure 3-36, is turned 180° so that the 
front of the panel faces to the rear.of the airplane. In 
this way the carbon pile voltage regulator is nearer the 
airplane's "cg," (center of gravity). Instead of a quick- 
disconnect plug, the panel is now wired directly, As 
you learned in Chapter II, your only concern with the 
control panel is inspection; to check the regulated 
voltage, and at times, to adjust this voltage. 


The inspection of the control panel entails checking: 
terminals and connections for excess dirt, the cooling 
fins for overheating (cracking of the enamel), the 
shock mounts for sagging or deterioration, and last 
but пог least the panel for security in its mounting, 
and its electrical connections, The T.O. 1F-102A-6 
(Inspection Requirements Handbook) will give you the 
time interval for these inspections. But, as we have 
stated previously, the only efficient maintenance is pre- 
ventive and continuous. Keep your eyes open. 
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How to Check the Voltage in the 
F-102A D-C Control Panel. 


To check voltage, there must be a voltmeter. Therefore, 
a test voltmeter is connected between the test jacks 
on the front of the panel. The voltmeter test probes 
are inserted into the corresponding test jacks VJ— and 
VJ+ (see figure 2-36). The engine is then started and 
operated; the generator switch in the cockpit is actuated 
momentarily to RESET and then to ON, and external 
power is disconnected from the airplane. 


The nose wheel well of the F-102, where the d-c control 
panel is located, is neither the roomiest of compart- 
ments, nor the most brightly lighted. So to insure an 
exact reading of the voltage, it is recommended that a 
flashlight or other lighting facility be used. Be very 
careful in the placement of the meter so that wires 
and other components in the compartment are not 
disturbed. During this check, operate the engine at 
vatied speeds, from idling to normal cruising and 
above. The voltage should remain constant, 27.5 volts. 


Voltage Adjustment. 


Figure 3-37 shows a mounted control panel, an attached 
voltmeter, and the proper adjusting technique. The 4-с 
control panel and its relay and carbon stack, are cali- 
brated and adjusted before being installed in the air- 
craft; or if it is a case of replacement—before it comes 
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Figure 3-37. Reguloting D-C Control Panel 


into your hands. Let's suppose that che d-c control panel 
in the airplane you are maintaining has gone on a 
"snort" and is in need of replacement. Let us say that 
you have referred to the applicable directive for dis- 
connecting and the replacement of a d-c control panel, 
and a new panel is now in the airplane. Your duty now 
concerns its adjustment. Ánd it must be adjusted to 
the desired voltage of 27.5 volts. 


As shown in figures 3-37, connect a test voltmeter 
between the test jacks, VJ— and VJ+ (the plus jack 
is red, the minus jack is black). With the engine turn- 
ing over at normal cruising rpm, insert the screwdriver 
in the adjusting screw of the voltage regulation rheo- 
stat, and turn slowly in the direction of the required 
voltage reading. A clockwise turn will up the voltage 
reading, а counterclockwise turn will lower it. 


When the voltmeter reads 27.5, remove the screw- 
driver from regulating screw. Watch the voltmeter 
for one or two minutes for steadiness, and then vary 
the speeds of the engine. The indicator reading of 27.5 
should remain constant. When a new generator has been 
installed in the aircraft, the voltage must also be 
checked at the control panel and adjusted accordingly. 


As а final word—caution should always be used when 
handling a control panel, whether it is d-c or a-c. This 


panel is a precision instrument, just like the precision 
type portable voltmeter you used to check its regulated 
voltage output, so be sure to handle it with the utmost 
care. 


THE F-102A BATTERY. 


The battery of the F-102A was partially covered in 
Chapter I, where you reviewed the theory and action 
of an aircraft battery —the F-102A battery or any air- 
craft battery. The differences encountered will be its 
rating, locating, and venting. As a review it might be 
well for you to turn back to the pages covering storage 
batteries in Chapter I; if there is any doubt in your 
mind concerning the theory, the construction, or those 
factors governing battery life, This, we repeat, is the 
blood bank of the F-102A d.c electrical system. 


Venting System of the Ғ-102А Battery. 


Тһе battery in the Е-102А is located on the right-hand 
side of the nose wheel well. It is held in place on its 
support by two tie-down rods and two quick-disconnect 
clamps, as shown in figure 3-38. In the upper left-hand 
corner of the illustration із the battery as it might be 
seen on a shelf in the battery shack. 


Outside air is vented into the fully enclosed meral case 
through an intake fitting, located slightly behind the 
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Figure 3-38. Venting System of the F-102A 


battery. We mentioned in Chapter 1, that the F-102A 
venting system is slightly different than those found on 
most airplanes. There is a reason for this deviation. 
At sonic speeds (Mach 1 and above), an ordinary vent- 
ing system would not adequately take care of the 
pressure buildup of the high velocity outside air, and 
might cause serious damage to the battery. There is 
also the problem of moisture; the lack of it—at high 
altitudes; and the abundance of it—at normal flying 
altitudes. For these reasons—in the F-102A, the outside 
air is routed from the intake vent іп the side of the 
airplane, through plastic tubing, to an aluminum coil 
assembly installed at the forward end of the battery. 
This coil assembly has a smaller circumference than the 
plastic tubing; and іс coils two and one-half turns 
before the air is dumped into the much larger tube, 
which ventilates the battery. 


Actually the coil assembly functions on the fundamental 
principles of an air-conditioning system—where the 
captured air 15 condensed (thus becoming hot), cooled, 
and conditioned for the job to be done. When the 
conditioned air has passed through the forward vent 
nozzle and into the metal battery case; the contaminated 
air inside the battery case is forced out the rear battery 
case nozzle, through a short tube, and іпго the glass 
acid sump jar. This sump jar contaihs a pad that has 
been saturated with sodium bicarbonate and then dried. 
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The sodium bicarbonate pad neutralizes the dangerous 
Bases and any spillage of electrolyte from the vent 
plugs on the battery proper. This air is now routed 
through another, shorter plastic tube and expelled into 
the airstream, through an exhaust fitting on the under 
side of the airplane. Again a word of caution—when 
an airplane has returned to the field and a streak of 
corrosion is detected aft of this exhaust vent; it is а 
sign of excessive voltage in the system. You must 
immediately check and adjust the voltage regulator 
and, if necessary, replace the control panel. 


The Inspection and Maintenance of the 

F-102A Battery. 

Before each flight the battery is inspected for security 
and the electrical connector for tightness. This means 
that you must check the tie-down rods and the two dis- 
connect clamps which hold the battery in position. It 
also means, that a check must be made of the acid sump 
jar апа the air routing tube holding clamps—for snug 
and secure fitting. It means, too, that the polarized 
connector (by which electrical connections are made to 
the battery), must be tested for tightness. This polar- 
ized connector is connected to the battery by turning 
the knob clockwise; and disconnected by turning 
counterclockwise. АП this is accomplished in one 
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Figure 3-39. Battery Corrosion 


man-minute. This means you must work fast but effi- 
ciently. There are other checks to be made. Time is 


precious. 


When the airplane you are maintaining returns to the 
base, there are added battery checks to be made. Num- 
ber one is for cleanliness. Battery exteriors are subject 
to corrosion because of the acid electrolyte they contain. 
For this reason you must look for any evidence of 
leakage or overflow of electrolyte. The critical areas 
are shown in figure 3-39. To accomplish this all- 
important examination: the acid sump is checked; the 
joints where the plastic tubing mates with the battery 
box are inspected; and then the cover is removed and the 
surface of the battery proper is examined for those tell- 
tale grey discolorations—corrosion. Finally the battery 
is inspected again for security. 


Every seven days comes the big check when the battery 
cells are inspected for the proper electrolyte level and 
the electrolyte is checked for its specific gravity. Addi- 
tional seven-day inspections are given in Т.О. 1F-102A.6. 


The Specific Gravity Test. 

As you learned in Chapter I, the state of charge of a 
storage cell depends upon the condition of its active 
materials—primarily the plates. This state of charge 


is indicated by the density of the electrolyte. The density 
is checked by an instrument which measures the specific 
gravity of liquids; it is known as a bydrometer. lf you 
are not familiar with a hydrometer, the drawing 
(бриге 3-40) is typical of the one you will be using 
on the "line." 


THE HYDROMETER. Тһе aircraft battery hydrom- 
eter syringe consists of a small sealed float-type glass 
tube, weighted at one end and with a calibrated scale 
along its side, from which the specific gravity readings 
can be read. The scale usually ranges from 1.175 to 
1.325 and looks much the same as those found on a 
common everyday thermometer. The weighted end of 
the hydrometer float is calibrated in relation to the 
known densities of electrolyte under most conditions. 


READING THE HYDROMETER. When electrolyte 
is drawn into the syringe, the weight holds the hydrom- 
eter float perpendicular and at the correct density level. 
The scale value indicates (at the liquid level of the 
electrolyte), the specific gravity and thus the state of 
charge ia the cell. The denser the electrolyte is, the 
bigher the hydrometer float will rise, and the brighter 
will be the charge of the battery. The highest number 
on the scale (1.325) is therefore at the lower end of 
the scale. 
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Figure 3-40. Battery Hydrometer Syringe 


In a new, fully charged storage battery, che electrolyte 
is approximately 30% acid and 70% water (by volume) 
which is 1.300 times as heavy as pure water. During 
discharge this solution becomes lower in density and 
its specific gravity drops below 1.300. Specific gravity 
(in case you have forgotten some of your high school 
physics) is simply a comparison of a body's density 
(or weight), as compared with water. А body is merely 
а definite piece of matter—a magnet, a quart of water 
ог an atom of oxygen. А specific gravity reading 
between 1.300 and 1.275 indicates a high state of 
charge; 1.275 to 1.240 a medium state; and 1.240 to 
1.200 a low state of charge. Therefore the hvdrometer 
reading in etch of the 12 cells of the Г-102А battery 
should be 1.275 го 1.300. ТЕ the hydrometer indicates 
1.240 or below in any cell, the battery must be 
recharged. This means a replacement, as the charging 
of batteries is out of your present sphere of endeavor. 


HOW TO TEST FOR SPECIFIC GRAVITY. First 
you must unlock the overcenter tie-rod fasteners and 
remove the battery case cover, Next, you remove the 
non-spilling vent plugs, being careful they are іп the 
right sequence for replacement. For example, if you 
start at the forward end of the battery, the plugs 
should be replaced in that order, with the same plug 
thar you removed from that particular hole, This is 
simply good maintenance practice. Another plug may 
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screw into that particular opening but even threaded 
holes have their peculiarities and tolerances, so to be 
on the safe side, re-install them in the same order they 
were removed. 


To take a hydrometer reading, insert the nozzle of 
ап approved temperature-corrected. hydrometer syringe 
(shown in figure 3-41) through the opening and into 
the electrolyte. Squeeze the bulb and release it slowly, 
to allow enough electrolyte into the syringe glass to 
float the hydrometer freely. Withdraw the syringe, and 
holding ir vertically, check the reading on the ther- 
mometer-like stem of the hydrometer float. As а pre- 
cautionary note—just аз you must return the vent plug 
to the same access hole it came our of—always return 
the electrolyte to the same cell from which it was 
originally taken. This is good maintenance practice and 
at the same time removes the danger of one cell having 
а greater electrolyte content than another. А loss of 
electrolyte from a cell could lower the specific gravity 
of that particular cell, The battery hydrometer syringe 
should be washed and cleaned often. Dirty bydrometers 
read inaccurately. If any electrolyte is spilled during a 
specific gravity test, you must neutralize it immediately 
with a solution of bicarbonate of soda (sodium 
bicarbonate). 
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The Level of Electrolyte. 


From time to time it may be necessary for you to add 
distilled water to a cell to bring up the electrolyte to 
its desired level. This is accomplished with a self- 
leveling syringe. Figure 3-42 shows how a self-leveling 
syringe should be used. The self-leveling syringe is 
filled with water and inserted into the cell. When 
using the syringe, be sure to hold it in a vertical posi- 
tion as shown (regardless of battery level) and fil! the 
cell. Then withdraw the excess water back into the 
syringe until air is sucked in. This leaves the electrolyte 
at the proper level. In ап emergency, and only in an 
emergency, ordinary tap water or clean drinking water 
may be substituted. 


The normal level of electrolyte is approximately 3⁄4 inch 
above the tops of the separators, or level with the 
bottom of the tube which extends down from the vent 
opening in the cell cover. Under но circumstances 
should you allow the electrolyte level to fall below the 
tops of the plates. By the same token, extreme care 
must be taken ro prevent overfilling of the cells. When 
the aircraft is operating in freezing temperatures, and 
this is extremely applicable to the F-102A, the battery 
should be charged immediately after the addition of 
any water, A 45-minute charge is sufficient to mix the 
added water with the electrolyte. If charging is impos- 
sible at the moment, do not add water or й will freeze. 
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Figure 3-41. Reading the Hydrometer 
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Figure 3-43. Battery Capacity Decreases With Age 


A look at a freezing temperature chart for electrolyte 
might be helpful to you. This chart is given in 
T.O. 1F-102A-2-10. 


Removal of the F-102A Battery. 


The battery in the F-102A is removed from the aircraft 
every four months for a capacity inspection. This check 
is run in the battery shop and is actually a remaining- 
life-expectancy check. As you learned in Chapter l, 
batteries are rated by ampere-hour capacity. This capac- 
ity decreases with age. 


CAPACITY CHECK. The battery in the F-102A has 
а 24-ampere-hour capacity. This means that «һе partic- 
ular battery will, in theory, furnish 24 amperes continu- 
ously for five hours before it is discharged. While in 
all probability, you will not be called upon co run a 
capacity check, you should understand why іс is so 
necessary. 
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Battery capacity and the condition of its charge, how- 
ever, should not be confused. The capacity of a cell, 
as we have already mentioned, depends on the amount 
of useful active material on the plates duríng normal 
operation. ТЕ half the active material has been shed, the 
battery is equal to only У» its original size. 1n this way а 
24-ampere-hour battery becomes only а 12-ampere-hour 
battery, This capacity is inadequate to handle the job, 
50 the battery must be replaced. The shedding we spoke 
of occurs slowly ас first and then more rapidly as the 
cell, with its reduced capacity, is called upon to handle 
the same load as іс did when іс actually had а 
24-ampere-hour capacity. Figure 3-43 will help you to 
understand this reduction in capacity. Mathematically, 
ampere-hours is the product of the electrical current 
in amperes, multiplied by che discharge time in hours. 
Lets take the example of a typical heavy-duty airplane 
battery which has a capacity ar the 5-hour rate of 
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Figure 3-44. The F-102A Battery Installed 


88 amperes, By dividing five into 88, we arrive at a 
product of 17.6 amperes. This means that this battery 
will operate continuously for five hours and put out 
17.6 amperes; or for 1 hour, 88 amperes. Although 
current may be obtained at the end of this time interval 
discharge period, che voltage output may have dropped 
to a point beyond which the battery's future usefulness 
is very much in doubt. So from time to time the battery 
must be checked for its capacity. 


ELECTROLYTE SPILLAGE. Another reason 
for removing the battery from the airplane is in case 
of an excess spillage of electrolyte. If this occurs the 
battery is returned to the battery shop to be refilled. 
The battery is then replaced by a new or fully charged 
battery which you have picked up in exchange. The 
battery must also be removed for cleaning. Figure 3-44 
shows the Е-102А battery as it is located in the air- 
plane. For removal and installation procedures, see 
T.O. 1F-102A-2-10. 


CLEANING THE F-102A BATTERY. As you know, 
battery exteriors are subject to corrosion, and as men- 
tioned earlier in this chapter, corrosion is the electro- 
chemical destruction of metal—ioxization, Corrosion is 
removed from the battery by brushing with a stiff 
bristled brush. Do пог use a wire brush as this will 


injure the casing. During this cleaning process, the 
vent plugs must be in place. The reason for this should 
be clear enough. When the corrosion has been brushed 
clean, the battery is washed with a solution of sodium 
bicarbonate and warm water—one pound of sodium 
bicarbonate to one gallon of water. This neutralizes any 
remaining electrolyte. 


The battery is then rinsed off with clear warm water. 
At this time, the electrical connections, the vent plugs, 
the battery rack, vent lines, and the acid sump jar are 
also checked for cleanliness, and if dirty, they are 
cleaned. The examination of the non-spill vent plugs is 
especially critical. Make doubly sure the gas escape holes 
are unobstructed, 


REMOVAL AND CLEANING OF THE 
BATTERY SUMP. 


When removing the sump jar, take every precaution 
against spilling any acid it may contain. To remove the 
jar, remove the safety wire and unscrew the jar. 
Figure 3-45 shows this procedure. If you find acid in 
the sump, clean it out and dry it thoroughly. Remove 
the old pad and replace it. Remember that the pads 
in an acid sump jar have been saturated with sodium 
bicarbonate and then allowed to dry. Make very sure 
this is true of the ones you replace. 
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Figure 3-45. Removal of Battery Sump Installation 


A more complete explanation of the storage battery, 
its maintenance and care is given in Т.О. 8D2-1-31, 
which deals comprehensively with all aircraft storage 
batteries and their venting systems. 


D-C POWER LOADING IN THE F-102A. 


From time to time, a great deal has been said in this 
manual concerning "load." Load merely means the sum 
total of the current drain of all pieces of the aircraft 
electrica! equipment installed in the airplane for a given 
period of operation under various conditions. The first 
step in the development of any electrical system, is to 
establish the electrical loads which will be applied to 
the system. The power demanded by the load, is «Бе 
next consideration. 


In the case of the F-102A, the power supplying the d-c 
load is provided by a 200-ampere, 30-volt generator 
while in flight, and by a 24-ampere-hour storage battery 
during emergency operations—when the load is consid- 
erably less due to the automatic disconnect from the 
non-essential bus. But bear in mind that even with this 
lessening of the demanded load of the airplane, the 
battery's output capability is reduced to a matter of 
minutes, For example: the load on the generator in 
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the F-102A for У; minute at normal cruising speed is 
168.7 amperes; during an emergency, the d-c system 
demands only 73.7 amperes for the same estimated 
cruising speed and for the same time interval. See 
figure 3-46. 


Figure 3-47 shows the major components in the d-c elec- 
trical system; the essential and non-essential bus bars, 
the systems connected to those bus bars, and the current 
demanded by those systems during normal operations. 
The current consumption of the individual components 
comprising the F-102A's functional electrical system is 
given in T. О, 1Е-102А-2-10. 


LOAD ESTIMATES UNDER 
OPERATING CONDITIONS. 


The load estimate for an airplane is based on the maxi- 
mum continuous load during flight. The electrical power 
consumed, of course, is computed in amperes. These 
computations are the loads on the generator, or battery, 
predicated on the systems which are expected to be in 
operation under certain conditions such as: standby 
(start and warmup), taxi, takeoff and climb, cruise, 
combat, descent and landing, and emergency. The load 
values are the average for a given time interval of opera- 
tion. For example, the amperes the F-102A will use, 
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Figure 3-46. Power Loading on the Ground and in the Air 
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Figure 3-47. The D-C System Under Load 
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under certain conditions, will vary as shown in the 
table below: 


Standby (start and warmup) from: 
Oro І» minute ................. 112.1 amperes 
№ to 2 minutes ................ 97.8 amperes 
2 to 30 minutes ................ 67.2 amperes 


Taxi from: 
цээнэ 127.3 amperes 
lóto 2 minutes ................ 123.0 amperes 


Takeoff and climb from: 


0 to У» minute ................. 157.0 amperes 
15to 2 minutes ................ 150.6 amperes 
2 to 10 minutes ................ 136.8 amperes 


Cruising from: 


0 to У» тіпше................. 168.7 amperes 
М% to 2minutes ................ 161,2 amperes 
2 to 30 minutes ................ 133.0 атреге$ 


Combat from: 

156.9 amperes 
147.3 amperes 
140.6 amperes 


0 to % minute . 
V; to 2 minutes 
2to 5 minutes .. 


Descent and landing from: 


0 to У» minute ................. 184.7 amperes 
1⁄2 to 2minutes .,.............. 177.2 amperes 
2 to 10 minutes ................ 146.3 amperes 


In an emergency (non-essential bus disconnected) the 
maximum usable current under all conditions would be 
from: 

73.7 amperes 
62.0 amperes 
35.3 amperes 


0 to ! minutes ................ 
У, to 2 minutes ................ 
2 to 30 minutes ................ 


As we have already mentioned, the above values are 
computed as an average for the given period ої opera- 
tion, During normal operations, some of the electrical 
components will be functioning while others will be 
idle; therefore, the power loads draining the 4-с system 
will vary according to the number of electrical units 
being operated at any particular time. 


F-102A D-C POWER CIRCUIT ANALYSIS. 


Just what is meant by analysis? According to our friend 
Mr, Webster, it is the separation of anything into the 
parts which aid in making that particular thing func- 
tion. Analysis, is also the examination of anything to 
determine its component parts; separate them from the 
whole "ball of wax;" and establish their relationship to 
one another. This last phrase "their relationship to one 
another” is our prime interest іп this particular section 
of this training supplement. 


ELECTRICAL SYSTEM 


Up to this point we have examined the distinguishing 
characteristics of the individual component parts—how 
they function, why they are necessary to an electrical 
system, and го a certain extent, where and why they are 
in the system. In a table of organization, as shown in 
figure 3-48, the chain of command is shown through a 
series of symbolic rectangular boxes joined together 
by a network of fine lines. These lines show the relacion- 
ship of one level of command to another. In the same 
manner the components of an electrical system are 
organized through an interconnecting network — the 
circuits. The components are shown symbolically 
(through symbols); their relationship to one another is 
indicated by the interconnecting lines — a wiring net- 
work. Electrically, chis organizational drawing is called 
a schematic. 


A circuit analysis of an electrical system of a new and 
modern aircraft must, in its final form, be only a ghost 
of the end product. The reason for this is that engineers 
and designers are constantly using their knowledge to 
build toward finer and more brilliant performance in 
the aircraft, Performance reports arrive daily from the 
field. Changes—modifications—occur daily, sometimes 
within the hour. 


So at best, until the absolute reliability of the whole is 
tested and retested, a circuit analysis can only be typical. 
Unfortunately this "absolute reliability" will never be 
achieved. Nothing is perfect in engineering and scien- 
tific fields, or in any other field for that matter. But а 
goal must be set to strive toward—thus, the expression 
"absolute reliability"—a reliability as nearly perfect as 
man is capable of achieving. 


However, if you understand the basic characteristics of 
the individual electrical components and know their 
symbol designations, as shown in figure 3-49; you will 
have no trouble following subsequent modifications on 
the F-102A electrical systems. These symbols are standard, 
For further knowledge of them refer to the National 
Military Establishment Standard for Electrical and Elec- 
tronic Symbols, Jan-Std-15, dated 19 October 1948. 


The present analysis of the F-102A d.c electrical power 
system is based on earlier models of the airplane. If you 
understand one, you will understand the other, This 
analysis will cover the d-c power system from its source 
of power to the essential and non-essential distribution 
buses, The systems energized from these distribution 
points, are discussed and analyzed under the applicable 
supplements dealing with the particular system. The 
lighting systems in the airplane are discussed in 
Chapter V. 


Remember, everything that has been said so far in this 
supplement сап be applied directly to the F-102A. Every 
component or gadget discussed is used somewhere in 
some system within the airplane. Now all we have to 
do is simply "wire" them together and find out their 
relationship to one another. 
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Figure 3-48. Typical Field Maintenance Organizational Chart 


THE DIRECT CURRENT SYSTEM. 


То bring you up to date on the Е-102А direct-current 
system, let us review briefly what it contains. First of 
all, it is a conventional 28-volt ground-return system, 
which during normal in-flight operations is powered by 
а 30-volt, type G35-5, air-cooled, 4-с generator, mounted 
on the forward end of the constant-speed drive assembly. 
А 24-volt, 24-ampere-hour, lead-acid storage battery 
supplies the power for limited ground and emergency 
operations. In Chapter II, we discussed the power dis- 
tribution to the buses, as controlled by a generator 
control panel which gives the system voltage regulation 
through the carbon pile regulator; and overvoltage and 
reverse protection through relays. 


Тһе 4-с external power receptacle in the main wheel 
well provides the system with a connection for a 28-volt 
ground-support power cart (used in ground operational 
checks and inspections). This receptacle is connected 
into the system through a relay; the receptacle also pro- 
vides a connection for a d-c load bank. 


In the d-c system all sources of power are connected 
to the essential and non-essential buses through relays. 
The power is distributed through protective circuit 
breakers at the buses, to other switches and relays; these 
control and protect the d-c powered electrical devices 
located throughout the airplane. Аз we explained in 
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Chapter II, a d-c power failure is sensed by means of a 
master warning indicator light on the instrument panel; 
it is also sensed by the d-c power failure light on the 
master warning indicator panel. The master warning 
system is fully analyzed in the Instrument supplement 
of this series. The wiring schematic of the d-c power 
system is shown in figure 3-50, with a location diagram 
of the electrical components. It is suggested you refer 


to this diagram now for a good visual concept of the 
ensuing d-c system analysis. 


The D-C Generator and Control Panel 
Wired Into the System. 


The simplified diagram (figure 3-51) shows how the 
Ф-с generator and its companion control panel are wired 
into the system. This is the 4-с system as found on 
earlier versions of the F-102A. Let's start with the posi- 
tive power lead, B. Моге that this lead is connected 
directly to terminal 17 of the panel. Another lead is 
connected through contact A2 of the d-c disconnect 
relay to terminal 1. (Also refer to figure 3-50 for 
this discussion.) Contact А1 of this relay is tied 
into the d-c essential bus, This circuit is protected 
through the d-c power control circuit breaker on the 
forward auxiliary circuit breaker panel in the cockpit, 
and completed when the 4-с generator switch is actu- 
ated. The lead from terminal 15 of the control panel is 
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Figure 3-49. Electrical Symbol Chart (Sheet 1 of 2) 
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Figure 3-49. Electrical Symbol Chart (Sheet 2 of 2) 
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Figure 3-50. Schematic Diagram of D-C Electrical System and Location 
of Components (Sheet 1 of 2) 
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Figure 3-50. Schematic Diagram of D-C Electrical System and Location 
of Components (Sheet 2 of 2) 


connected to the generator terminal А. This is the posi- 
tive shunt field winding connection of the generator, 
which is connected through terminal 15 direct to the 
carbon pile voltage regulator. 


Тһе "equalizer" terminal of the generator, D, is wired 
to terminal 26 and 27 on the panel, An internal jumper 
wire ties these two terminals together. These, in turn, 
are connected to the negative side of the differential 
reverse current trip coil (26 on figure 3-50). This relay 
as you have already learned in Chapter II is actuated 
by the combined efforts of the differential voltage coil, 
reverse current coil, and the voltage relay сой, Genera- 
tor terminal E is connected directly to ground. The 
control panel is grounded at terminals 12 and 22. 


NOTE 

It might be a good thing, before pursuing 
this further, to remind you that this is a ground 
return system, which means: when the air- 
plane is properly bonded (the bonding straps 
tight and secure) the metallic structure of the 
airplane acts as a return path for most of the 
circuits. When it is necessary for you to replace 
ог disconnect the generator from the system, 
extreme care must be taken to replace these 
wires to their proper terminal connections. 
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The D-C Control Panel in the System. 


Since the control panel is located іп the nose wheel 
well, all voltage adjustments must be made during 
ground operations. There is no voltage regulation in 
the cockpit. The system has reverse polarity protection 
because the generator is automatically connected to the 
d-c bus. This prevents connecting the generator to an 
energized d-c bus when polarity of the generator is 
reversed, There is also reverse current protection 
through the differential relay which senses ali polarity 
changes from generator terminals D to E due to any 
reverse current. 


Then there is overvoltage protection (upper left of 
figure 3-50). The overvoltage relay has an inverse time 
voltage characteristic. А sustained voltage (1 to 3 sec- 
onds) of over 32 volts energizes the overvoltage relay, 
which Чп turn energizes the trip coil of the field relay 
thus opening the field relay contacts in the control panel. 
It is this action which takes the generator off the bus. 


The panel performs another function by providing a 
means for manual reset through the d-c generator 
switch. This applies battery voltage to the field relay 
reset coil, energizing it and closing the field relays. On 
its front panel are located the voltmeter test jacks and 
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Figure 3-51. D-C Generator and Control Panel Wired Into System 


an overvoltage testing connection for tripping the over- 
voltage relay. Finally, this panel connects the generator 
to, and disconnects it from, the essential bus through 
the d-c disconnect relay. 


The Battery Wired Into the System. 


The positive terminal of the battery is connected to 
terminal A2 of the battery relay. The negative terminal 
is connected direct to ground. Fhe simplified diagram 
(figure 3-52) shows the 24-ampere-hour battery con- 
nected into the d-c power system; its relationship to 
the control panel; and its controlling and protective 
devices, 


As you can see, terminal X1 of the battery relay is con- 
nected to contact A2 of the battery relay; while terminal 
X2 is tied to terminal 1 of the battery switch. In the 
closed position, the battery switch completes the circuit 
to contact 3 of the master switch when the master switch 
is in the normal position. The master switch is grounded 
to the metallic structure of the airplane through 


contact 3. 


In this way, when the battery switch is closed and the 
master switch is in the normal position, terminal X2 
of the battery relay is connected to ground. So, con- 
necting terminal X2 to ground energizes the solenoid 
of the battery relay, thus closing contacts A1 and A2 


and allowing current to flow to the buses shown in 
figure 3-52. It is contact A1 of the battery relay which 
is connected to the 4-с essential and to the non-essential 
bus, through the non-essential bus tie-relay. 


Let's go back to the master switch for a móment. In 
figure 3-50, contact À2 is connected directly to the 
power shutoff, 5-amp, circuit breaker, located on the 
nose wheel well circuit breaker panel. Therefore, when 
the circuit breaker is closed, a connection to contacts 
1 and 2 of the battery switch exists, regardless of the 
position of the battery relay contacts. 


In the simplified wiring schematic of the d.c system, 
figure 3-50, you can see that the positive side of the 
trip coil is connected to terminal 10 of the panel, and 
that terminal 10 is connected to the battery through 
contacts 2 and 5 of the master switch, when it is in the 
OFF position. When battery voltage is applied to the 
trip coil in an emergency (when the generator output 
falls below battery voltage) the trip coil is energized 
and the field relay contacts are opened. Terminal 10 
is also connected to both sides of the blocking rectifier 
and to contact 10C of the overvoltage relay. 


The Master Switch and the 

F-102A D-C Power System. 

Тһе master switch is located on the electrical power 
switch panel. This panel, as you can see in figure 3-53, 
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Figure 3-52. The Battery Wired into the System 


is located at the forward end of the right-hand console 
in the cockpit. The panel consists of the master switch, 
the battery' switch, and the generator ON-OFF-RESET 
switch. Forward of these switches, and on the same 
panel, is the switch gear of the a-c system. 


The master switch is placarded MASTER-NORMAL- 
OFF. The switch must be in the NORMAL position to 
enerpize either of the distribution buses in the system. 
At the beginning of this chapter, under Basic Power 
Supplies, you learned that when a master switch was 
incorporated into direct power systems, it was arranged 
so that in case of a crash the pilot can open the circuit 
by hitting the master switch to "off" and eliminate the 
"live" or "hot" wire condition on the airplane. 


Essentially, the master switch in the Е-102А is in the 
system for the above reason. Аз you know there is a 
battery and generator switch which deenergizes the 
battery-generator circuits independently of the master 
switch—once the master switch is actuated to NORMAL. 
There is no reason to move the master switch to OFF 
once it is in the NORMAL position. The switch was 
designed this way and should be used in this manner. 
Not only this, but upon touchdown and when the ай- 
plane is parked, if the master switch is accidentally or 
thoughtlessly flipped to the OFF position, the battery 
will drain through the switch to the trip coil of the 
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field relay іп the d-c system. ІҒ the switch is left іп the 
OFF position for any length of time, even the meager 
load thrown on the battery in this manner will cut down 
on its charge and in time you will find a dead battery. 
So, under no circumstance should the master switch be 
moved from ON to NORMAL while the plane is 
grounded and in a normal readiness status. In the air, 
only when a crash landing is indicated, will іс be 
switched to the OFF position; thereby deenergizing both 
systems in the airplane. This minimizes the hot wire 
factor and, at the same time, the danger of fire. But 
let's get back to the way the switch is hooked into the 
system, and its relation to the other components. 


Аз you learned, when we discussed the circuit wiring of 
the battery, the battery is connected to the battery 
switch (contacts 1 and 2) and through the 5-amp power 
shutoff circuit breaker. When the master switch is in 
the NORMAL position, contacts 1 and 7 and contacts 2 
and 8 are connected. Contacts 7 and 8 are blank, In the 
OFF position, contacts 1 and 4, and 2 and 5, are bridged. 
And conversely, with the master switch in the OFF posi- 
tion, 9 and 3 are opened. This deenergizes the battery 
relay and disconnects the battery from the 4-с essential 
bus. Also, in the OFF position, contacts 1 and 2 are 
connected to contacts 4 and 5. (Contact 4 is connected 
intó terminals 14 and 16 of the a-c generator control 
panel.) Contact 5 is connected to terminal 10 of the d.c 
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Figure 3-53. Electrical Power Switch Panel 


control panel, which in turn energizes the trip coil of 
the field relay inside the panel. In this way, the master 
switch controls both the essential and non-essential buses 
in the systems. 


Actually one could say that power from the battery is 
responsible for deenergizing both power systems in the 
airplane; because it is battery power which energizes the 
trip coils in both d-c and a-c control panels, and in so 
doing it opens the field relays and thus takes power off 
the buses in both systems. This brings up a point which 
we mentioned earlier in our discussion—its importance 
can not be over-emphasized. Remember at all times, 
when the power shutoff circuit breaker is closed апа 
the master switch is OFF, the battery is still connected 
into the system; and this power is being applied to 
the trip coils of both the d-c and a-c control panels. To 
prevent overheating of these coils, and an excessive 
drain of battery current the master switch is kept in 
the NORMAL position during normal operation except 
—а$ we mentioned before—in the case of a crash, or an 
emergency dead stick landing. 


The Battery Switch and the 
F-102A D-C Power System. 


The battery switch has the simplest function of any of 
the manually operated switches in (һе system. Іс is 


located slightly inboard of the master switch on rhe 
electrical power switch panel. It is simply an ON-OFF 
switch. When it is ON, the battery relay is energized: 
when it is OFF, the battery circuit is open and the sole- 
noid in the battery relay is deenergized and the relay 
contacts Al and А2 open. 


The Generator Switch and the 
Ғ-102А D-C Power System, 


The action of the generator switch was partially covered 
earlier in this chapter, when we discussed generator 
"field flashing." However, we did not qualify its rela- 
tionship со the other components. 


Basically the generator switch is а three-position switch 
—ON-OFF-RESET. The switch is spring-loaded only 
in the RESET position. Rese? actually means, momen- 
tarily on-off. In other words the reset has а pushbucton 
type action. When the reset portion of this switch is 
actuated, the generator circuit is broken and the d-c 
disconnect relay coil is deenergized through terminal X2 
closing contacts Al and А2 (figure 3-51), and the field 
relay reset circuit is energized from the essential bus. 
You will be given a more complete coverage of this 
action when we discuss the entire system under normal 
operations. 
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Figure 3-54. Battery Relay 


This blow-by-blow description of how the generator, 
the contro! panel, the battery and the main switch gear 
of the d-c system (during normal operation) is related 
to the other parts of the system, has been necessarily 
specific. It is hoped that tracing the wires from termínal 
to terminal and calling out the relay contacts has assisted 
you, in your efforts to trace the rest of the wires and the 
current flow through to their points of contact with the 
other components within the system. From here on out 
we will refer to pin, terminal, and contact numbers only 
when it is felt (һас an explanation is in order. The 
reason for this should be clear enough: this is a training 
manual, and you will be called upon time and again to 
read either wiring diagrams or schematics to learn just 
how a system works. It may be that you are trouble- 
shooting the system, or a modification has come through 
with a new diagram showing the changes. It is impera- 
tive that you know how to read these electrical "tables 
of organization," in order to carry out your maintenance 
job efficiently. Га electrical school you were undoubtedly 
given instruction in reading these diagrams; so now you 
are on your own, However, before we go into the com- 
plete analysis of the system under normal in-flight 
operations, as well as ground operations; let's define 
and locate some of the other components in the system 
and see how they are related to cach other. 


The Battery Relay and the 
D-C Power System. 


The battery relay is ап spst (single-pole single-throw), 
double-break relay switch. The accompanying photo- 
graph (figure 3-54) shows this relay installed in the 
F-102A. It is located close го the battery in the forward 
electronics compartment on the right-hand side of the 
airplane (see figure 3-50). As you know, when this 
relay is energized and is in the closed position, it con- 
nects the battery to the 4-с essential bus. 
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The Disconnect Relay and the 
F-102A D-C Power System. 


The disconnect relay is also an spst, double-break relay 
switch. It is provided in the system for the purpose of 
connecting the d-c generator output to, and disconnect- 
ing it from, the d-c essential bus (see figure 3-50). lts 
coil is energized by power from the generator shunt- 
field, terminal A. 


The Non-Essential Bus Tie Relay and the 
D-C Power System. 


Here again we have an spst, double-break relay switch. 
Іс is located inside the main wheel well circuit breaker 
panel (see figure 3-50). A photograph of this panel 
is shown іп Chapter 11, of this manual. The non- 
essential bus tie relay connects the non-essential bus to 
the d-c essential bus. In the case of a d-c power failure 
this relay is deenergized, disconnecting the non-essential 
bus from the essential bus, and thus taking the non- 
essential systems in the airplane out of the 4-с system. 
In figure 3-50, terminal X2 of this relay is connected 
direct to ground; ХІ to pin 8 of the d-c external power 
interlock relay. 1f you will trace the wire from contact 
Al, you will readily see how the non-essential circuits 
in the system are taken completely out of the system 
once the non-essential relay contacts are open. 


THE F-102A D-C SYSTEM WHEN 
UNDER NORMAL OPERATION. 


In-flight operations and normal operations have been 
mentioned more than once in this manual. So, for the 
record they both mean the same thing. There should 
be no mystery concerning the mechanical operation of 
a relay, or any switch for that matter, when wired elec- 
trically into the d-c system. There should also be a clear 
understanding of how the generator works in the sys- 
tem; how the battery functions; and why a system has a 
control panel, and other controlling and protective 
devices. You should know also that when the master 
switch is in NORMAL, the battery switch to ON and 
the generator switch momentarily to RESET and then 
со ON; that power is circulated from the battery and 
the generator through the power network to the essen- 
tial and non-essential buses. At these distribution points, 
the current simply waits for an additional switch to be 
closed—or a dial to be turned—to do the various jobs 
demanded of it by the other systems in the airplane. 


In the following explanation of the d-c power system 
under normal operating condition, pins, terminals, and 
conracts have been called ош, for the purpose of helping 
you to visualize the system in operation. Some of the 
operation will be repetitious, but we learn by repeating. 


THE D-C SYSTEM ENERGIZED. 


Before actuating either the battery or generator switch 
(the master switch will, of course, be ON or in its 
NORMALE position) there are several d-c circuit break- 
ers which you must be sure are in the engaged position. 


Then there are the D-C Power Control, the D-C Power 
Warning, the D-C Power Failure and the Power Shut- 
off circuit breakers. Two of these, the d-c power control 
(PWR CONT DC) and the d-c power warning (PWR 
WARN) „circuit breakers, are located on the Forward 
Auxiliary Ciccuit Breaker Panel. This panel and its cir- 
cuit breakers are shown in Chapter If of this manual. 
The d-c power failure circuit breaker (DC FAIL) is 
located on the Right-Hand Cockpit Aft Circuit Breaker 
Panel. This panel is also shown in Chapter II, figure 2-40 
and figure 2-46. The power shutoff circuit breaker (PWR 
SHUTOFF) is located in the Nose Wheel Well Circuit 
Breaker Panel and is shown in figure 2-42. When these 
circuit breakers have been checked and you have deter- 
mined they are engaged, the battery switch is placed 
in the ON position, The D-C Power Failure light on the 
master warning indicator panel (see figure 3-55) should 
come on. If it fails to light—you have a malfunction. 


You Have A Malfunction, 


ТЕ the d-c power failure light fails to come on, it indi- 
cates that either the battery system ог the warning 
system is not functioning. But, perhaps the PWR WARN 
circuit breaker has tripped? You check that one first and 
find it in the proper position. This could mean then that 
the battery relay is not functioning. So, next, you check 
the battery circuit and if this is found to be the cause 
of the trouble, the battery relay will be replaced, How- 
ever, this time you found that it was not in the battery 
circuit. So the warning system is next on your check list. 
This is accomplished by a thorough check of the warn- 
ing circuits using the diagram in your Е-102А Main- 
tenance Manual. These circuits are terminated at the 
master warning relay box located on the right-hand 
side of the nose wheel well. If the trouble is indicated 
as being in this relay box, the box must be replaced. 


The foregoing, of course, was all supposition, because 
when you placed the battery in the ON position in the 
first place the DC POWER FAILURE warning light 
actually illuminated. This indicated that the battery relay 
was energized by the battery switch and that battery 
power was applied to the d-c essential bus. 


The Generator on the “Line.” 


To put the generator on the line, the generator switch 
is momentarily held in che RESET position. While the 
generator switch is being held in this position, d-c 
power—through the essential bus and the power control 
circuit breaker—is being applied to the field relay coil. 
This power places the multiple contacts of the field 
relay in their normal operating position (they may have 
tripped through a reversal of current on shut down), 
and at the same instant voltage is applied co the gen- 
erator field windings to change them. The voltage 
applied to the generator field assures a voltage buildup 
of the generator and a voltage output of the correct 
polarity. 
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Figure 3-55. Master Warning Indicator Panel 
The System Operates Normally. 


When the generator switch is positioned to ON, 
voltage is applied through the generator control panel 
to the 4-с power disconnect relay and the non-essential 
bus tie relay. By tracing the wires in the diagram 
(figure 3-50) you should be able to determine just how 
these last two relays are energized. Remember, we have 
just positioned the generator switch to ON. This com- 
pletes the circuit through the switch contacts to ter- 
minal X2 of the coil of the disconnect relay; also to 
pin 6 of the d-c external power interlock relay 
(figure 3-50) and from pin 8 of the same relay into 
the coil of the non-essential bus tie relay, thus closing 
the contacts of both relays. The external power interlock 
relay, when external power is not being applied, is in 
a deenergized position. Therefore, terminal X1 of the 
d-c disconnect relay coil is connected to ground through 
terminals 4 and 2. This completes the circuit to the 4-с 
disconnect relay and closes the contacts. It is in this 
manner that power is applied to the non-essential bus 
tie relay through the above mentioned pins 6 and 8. 
It should be noted that this relay is also tied to ground. 
Ав soon as the contacts of these relays are closed gen- 
erator output power is applied to both the essentia! and 
non-essentíal buses. 


Power on the non-essential relay opens the circuit to 
the master warning box and the D-C FAIL light goes 
out. Тһе d-c warning relay is a single-pole double-throw 
(single-break) relay switch and its solenoid is energized 
through terminal X1 from the essential bus; X2 is con- 
nected to ground closing the circuit. 


The above explanation tells how normal operation of 
the d-c power system is obtained. There is nothing difi- 
cult about it, but so that you will have an even more 
concise understanding, let's take the d-c generator out 
of the system by the numbers. This will not only give 
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Figure 3-56. MD-3 External Power Ground Support Unit 
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you а clearer understanding of what is meant by reverse 
current, overvoltage, and connecting the generator to 
an energized bus when che generator's polarity is 
reversed; but it should show you why the control panel 
has been called the mainsray of the d-c power system. 


WHEN A GENERATOR MALFUNCTIONS. 


By tracing through the diagram, figure 3-50, you will 
readily see that during normal d-c operation; terminal 
6 of the d-c generator control panel is connected to con- 
tact 62 of the field relay; that is, when this relay is 
energized. lr is in this manner, the 4-с generator output 
to the d-c generator control panel appears indirectly at 
terminal 6, and directly at terminal 1 of the d-c gen- 
erator switch, And, as we have pointed out in our 
previous discussion, cerminal 6 of the panel is connected 
to contact 6 of the d-c generator contro! switch, The 
d-c generator switch—when in the ON position—con- 
nects terminal 6 co terminal X2 of the d-c disconnect 
relay. This connection is in parallel to terminal X2 of 
the d-c non-essential bus tie relay through contacts 6 and 
8 of the 4-с external power interlock relay when external 
power is not being used. This relay is deenérgized until 
ground power is plugged into the airplane. 


By placing your finger on terminal ХІ of the d.c dis- 
connect relay and another finger on terminal E of the 
generator test receptacle; it can be clearly seen that this 
circuit is connected in parallel го ground through con- 
tacts 2 and 4 of the interlock relay when (and we 
repeat), when it is not energized by external power. In 
this same condition, contact 6 of the d-c external power 
interlock relay із connected to contact 8. Conversely, 
contact 8 is connected to terminal X1 of the d-c non- 
essential bus tie relay, Terminal X2 of the d-c non- 
essential bus tie relay is connected directly to ground. 
It is by this route that generator terminal output volt- 
age turns up at terminal б of the d-c generator control 
panel and energizes the d-c disconnect and the d-c non- 
essential bus tie relays. 


The Battery Takes Over. 


The 4-с generator control panel provides protection 
against reverse current, overvoltage, and connects the 
generator to an energized d-c bus when the generator 
polarity is reversed. Should any of these malfunctions 
occur, the generator output appearing at terminal 6 of 
the d.c generator control panel will be reduced to по 
voltage; and, the d-c disconnect and the 4-с non-essential 
bus tie relays will be deenergized and their contacts will 
open. By the same token, if the d-c generator output 
falls below the hold-in voltage (which is approximately 
7 volts), of the d-c disconnect and the d-c non-essential 
bus tíe; these relays will also be deenergized. In either 
event, contacts Al and А2 of the 4-с disconnect relay 
and the d-c non-essential bus tie relay will open. Ореп- 
ing the contacts of the d-c disconnect relay, disconnects 
termina! B of the generator and terminal 1 of the d.c 
generator control panel from the d.c essential bus. 


ELECTRICAL SYSTEM 


Opening the contacts of the 4-с non-essential bus tie 
relay, of course, disconnects the d-c non-essential from 
the d-c essential bus. When the generator output is 
removed from the d-c essential bus during flight, it is 
the battery which takes over and supplies power for 
limited emergency operations (6 to 12 minutes). 


THE F-102A POWERED FOR D-C 
GROUND OPERATIONS. 


During ground operational checks and cesting of either 
the d-c or a-c electrical power systems, an external 
source of electrical power is connected to the airplane. 
This source of power is received from a ground support 
multiple power plant. We qualify it as multiple, because 
it contains both a 4-с and an а-с source of power. The 
unit you will use on the flight-line for the F-102A is 
designated as an MD-3 ground power unit. It is shown 
in figure 3-56. It is gasoline-driven and provides 28 volts 
for d-c power; and 115/200 volts, 3 phase, 400 cyclés for 
a-c power. Another unit, especially designed for hangar 
operations, is the МС-1. This version is electrically 
driven. For further information on the MD-3 unit refer 
to T. О, 35C2-3-249-1, 


CONNECTING D-C EXTERNAL POWER. 


Figure 3-57 shows the location and the appearance of 
the main external power receptacle which provides con- 
nections for both d-c and a-c power. The inset in the 
lower right-hand corner is the auxiliary d-c receptacle. 
This receptacle is used when landing gear tests are in 
progress. As you can see, the main d.c receptacle is 
inboard of the a-c receptacle and contains but three 
contacts, 


There аге a number of precautions that must be 
observed when connecting external power to the air- 
plane, You will remember that we said, the master 
switch — when once placed in the NORMAL position, 
remained in that position—and only when the airplane 
crash landed was the switch to be moved to the OFT 
position. For actual flight readiness this was quite crue, 
but when the aircraft is undergoing ground tests and 
repair wich the use of external power, the master switch 
is actuated to its OFF position. Before connecting exter- 
nal power to the airplane be sure that this switch is 
OFT. Also be sure that the battery switch is OFF. 
With external power, the generator output is con- 
trolled from the MD-3 ground support unit; therefore, 
the generator switch must at all times be in its OFF 
position. External power impressed on the coils or 
brushes of the aircraft-installed generator will cause 
serious damage. 


Another precaution—and this must be strictly adhered 
to when either normal or external power is on the air- 
craft—be extremely cautious when working around ter- 
minal strips, junction boxes, circuit breaker panels, 
relays or limit switches. You could be badly burned— 
even killed. Never attempt to remove any of the com- 
ponents in an electrical system without first turning off 
the electrical power, 
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Figure 3-57. The D-C External Power Receptacle and 
D-C Power Auxiliary Receptacle 


EXTERNAL D-C POWER ON THE F-102A. 


When you insert the external power cable connector in 
the d.c external power receptacle, and the d-c external 
source is turned on; 28 volts are connected to terminal 
X1 of the d-c external power relay from the negative 
side of the receptacle, At the same time, d-c external 
powet is connected in parallel to terminal 1 and contact 
7 of the d-c external power interlock relay and to termi- 
па! C of the generator test receptacle (see figure 3-50). 


You can see that there are three connections in both 
the external power receptacle and the auxiliary recep- 
tacle. One appears as positive (+), the other as nega- 
tive (—). The 4-с external power appearing at the center 
terminals of the d-c external and the d-c auxiliary exter- 
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nal power receptacles, is provided to energizes the d-c 
external power relay, the d-c external power interlock 
relays, and the d-c non-essential bus tie relay. Terminal 
9 of the d-c external power interlock relay is connected 
direct to ground, Thus, the d-c external power interlock 
relay is energized, and іс opens contacts 2, 4, б, and 8; 
and closes contacts 2, 3, 7, and 8. Opening contacts 
2 and 4 disconnects terminal X1 of the d.c disconnect 
relay and terminal E of the generator test receptacle 
from ground. Opening contacts 6 and 8 disconnects con- 
tact 6 of the d-c generator switch from terminal X2 of 
the d-c non-essential bus tie relay, Closing contacts 2 and 
3 of the d.c external power interlock relay connects 
terminal X2 of the d-c external power relay to ground, 
thus energizing the relay and closing contacts A1 and 
A2. This pattern of electrical action connects d-c external 
power to the d-c essential bus. 
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Figure 3-58. External Power on the F-102A 


The closing of contacts 7 and 8 of the d-c external 
power interlock relay connects d-c external power to 
terminal X2 of the d-c non-essential bus tie relay, This 
energizes the relay, closing contacts А1 and A2, and 
connects the d-c non-essential bus to the d-c essential bus. 


А WORD ABOUT OPERATIONAL 
CHECKS AND TESTING. 


Тһе operational checks and the testing of the d-c power 
system are fully covered in T, О. 1Е-102А-2-10, the 
F-102A Handbook of Maintenance Instructions; there- 
fore they will not be covered in this supplement. Elec- 
tricity, as you know, is instantaneous, When a switch is 
turned on, relays are activated, the system is energized, 
and certain lights illuminate and extinguish as we 
explained when talking about the D-C Power Failure 


light. The failure of this light to illuminate, if you 
remember, necessitated our checking both the battery 
system and warning system for continuity. If the light 
had failed го extinguish with the d-c battery switch 
ON, the master switch in NORMAL, and when gen- 
erator output was impressed on the system by the gen- 
erator switch being actuated; our check would have 
been longer and more involved. But a routine con- 
tinuity check, which we have discussed in this chapter, 
would have obtained the same results. 


If such a malfunction had occurred, any one of six 
possible reasons, or perhaps a combination of several, 
could have been responsible. It could be that the 4-с 
warning relay was not functioning or perhaps the bat- 
tery relay had stuck in a closed position—perhaps the 
non-essential bus tie relay was faulty. Another probable 
cause could be the d-c disconnect relay's failure to close 
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the circuit, a defective d-c contro! panel, and if the d-c 
generator términal voltage was below its rated output 
or not functioning at all. In each of the above cases the 
component must be replaced if it is found defective. 


As you can see, unless the probable cause of the master 
warning light's failure to extinguish is found immedi- 
ately, you will have some extensive checking to do. 
Where to begin? Well, perhaps the D-C Fail circuit 
breaker is not engaged. You've checked ic and found 
it O.K.? How about the d-c control panel? Have you 
checked the voltage at the test jacks? You have! Then 
let's start checking the battery circuit, and after that 
let's isolate the trouble to the specific relays mentioned 
above. This is accomplished by following the test pro- 
cedures as outlined in Т, О. 1F-102A-2-10. 


If you will think chrough what has been "fictionalized" 
above, and have a clear picture of the d.c system as a 
whole unit of operation, some of that "plain old com- 
mon sense" we spoke of earlier should help you to 
analyze any trouble confronting you. For example, if 
it is found that the generator voltage will not build to 
à proper value, the trouble must be at the generator; 
it is either overheating, which might mean a dirty gen- 
erator, or there is resistance in the external wiring, or 
load. Where would you begin in this case? Why at the 
generator, where else? And how would you go about it? 
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First, check the electrical connections, test them for 
tightness and after this you would check the entire cir- 
cuit for continuity. It's as simple as that. 


A LAST WORD. 


Тһе analysis of the d.c system just covered, has been 
nothing more than a summary of all we have discussed 
so far in this manual concerning the direct-current sys- 
tem in the F-102A. It is hoped, with the help of the 
Technical Orders (T. O.'s) you have been referred to, 
your knowledge at this point is more than just famili- 
arity—that "false sense of knowledge." And remember, 
you only Їеагп and become efficient in your job as a 
maintenance man by the actual "doing." 


In the next chapter of this supplement, we will discuss 
the alternating-current system іп the F-102A and its 
related components. In some cases, such as circuit pro- 
tective and controlling devices which relate to both 
systems, and subjects such as high altitude and climatic 
effects, wiring, and others of this nature, which were 
covered in the preceding chapters, you will simply be 
given reference to these portions of the supplement 
when they аге applicable. They will not be covered 
again. But they are in the supplement, and will be con- 
tinual reference sources for you, and we hope valuable 
to your knowledge of electricity and the F-102A. 
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In this chapter we will discuss some of the basic prin- 
ciples of alternating current, its protective and control- 
ling devices, and how it is distributed and used in the 
F-102A interceptor. In the opening pages of the last 
chapter, we traced direct current as it was, and is used 
in aircraft, from that icy-cold morning near Kitty Hawk, 
North Carolina, up to the present day. In the early 
days, d-c electricity composed 90 percent of the electrical 
power used in an airplane; any a-c electricity necessary 
for lighting systems and instruments was converted 
from the d-c system or manufactured by a cumbersome 
inverter. Today, there has been almost a complete turn- 
about. Most of the critical electrical equipment installed 
in aircraft uses alternating current. 


There is nothing particularly difficult or mysterious 
about the a-c power system in the F-102A. Іс is simply 
a little more involved than the direct current system. 
And for this reason, perhaps a little general information 
concerning alternating current, as such, should be the 
order of the day. After all, it should not be too difficult 


to venture the prediction that in the very near future a-c 
electricity will be the primary and major power system 
in most aircraft. 


WHY ALTERNATING CURRENT IN 
AIRCRAFT. 


That electric coffee pot, toaster, waffle iron, the iron 
used to press the shirt you are wearing, the electric 
shaver you used this morning, all derive their electrical 
energy from alternating current. Many years ago, pub- 
lic utility companies learned that alternating current 
could be transmitted over long distances more readily 
and more economically than direct current, Alternating- 
current devices are simpler and less subject to trouble 
and they are smaller and therefore light of weight. Not 
only this, but a-c voltages can be increased and decreased, 
without loss, through step-up or step-down transformers. 
The transformers used in the Е-102А a-c power system 
are a good example. 
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Іп basic electrical school, you learned that in conven- 
tionally equipped airplanes, electrical systems are usually 
divided into four major groups: the ignition system, the 
starting system, the d-c generator and its control system, 
and the lighting system. What you learned is funda- 
mentally true, but the conventional airplane is fast dis- 
appearing from the sky, especially when we relate it to 
the military setvice. Let's find out why; let's take a 
typical high performance modern aircraft and find out 
why its power demands have increased to a non- 
dimensional one of great scope. Let's take the F-102A 
аз our example. 


First of all, the F-102A, as ап interceptor, has layers of 
altitude to traverse before its combat objective is reached. 
To carry out its mission effectively, it must travel at 
extreme speeds. And under its sleek skin are installed 
the units that make this mission possible. The critical 
electronic, radar and armament installations, which 
would fill a good-sized truck, are installed in its com- 
partments, These (together with the machinery for the 
manufacture of the required electrical energy and its 
measurement, application and control) make an 
alternating-current system, with its simplicity, its weight 
and space-saving characteristics, an absolute “must.” 


The amount of useful load is highly important to the 
modern high-speed aircraft, and each pound saved 
without impairing performance can be added to the 
aircrafts useful load. Reliability, however, cannot be 
sacrificed to save weight. Actually, to say that the size 
and weight of any equipment installed on an airplane 
are "important" would be a gross understatement of 
fact. They are critical. This is especially true of the 
modern supersonic airplane. 


Те is for this reason that in some airplanes today, direct 
current has been eliminated almost completely, Bat- 
teries, for example, are in some cases things of the past. 
In a case such as this, the small amount of d.c electricity 
needed for some instruments and communication 
equipment is obtained from transformer-rectifiers. This 
method of obtaining direct current will be discussed 
later in this manual, 


ALTERNATING CURRENT HISTORICALLY. 


Probably the first important application of a-c systems 
was in 1941 on the XB-19. This system provided a 
total of 25-kva from two generators operated in paralle! 
at 400 cps (cycles per second) and driven by auxiliary 
gas engines. But the fitst large-scale use of an a-c power 
system was on the B-36. The power derived from its 
four, 40-kva generators, operating in parallel, far 
exceeded that of any previous airplane, Alternating- 
current generators are rated in KVA, which stands for 
Kilovolt Amperes. 
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Actually, a-c power on airplanes dates back to World 
War I when wind-driven a-c generators powered the first 
spark transmitters on Air Force airplanes. These alter- 
nators, as they were then designated, produced high 
frequency power for radio transmitters. The transmitters 
were built into the mechanism. А number of years went 
by before an improved modification was initiated. As 
airplanes became faster and demanded more maneuver- 
ability, the high parasitic drag of these wind-driven 
alternators caused them to be abandoned. Parasitic sim- 
ply means, of the nature of a parasite, 


In 1941, the Army Air Force developed a гесићед а-с 
system. Тһе reason for this was two-fold: the first of 
these we have already discussed on page 61 — the unex- 
pected short life of carbon brushes on d-c generators 
when operating at high altitudes; and second, airplanes 
became so large that the electrical power demanded by 
them was greater than the ordinary generator could 
provide. This power couid not be economically 
provided with the commonly used 28-volt 4-с system 
because of the excessive weight of the cabling and the 
large number of generators required to supply the 
demand, Ас first, many aircraft designers were reluctant 
to use a-c power because of its relatively complicated 
control and protective devices as compared with the 
tried and proven d-c devices. But, in а comparatively 
short time, these arguments against turned to arguments 
for, and that was due mainly to centralized a-c control 
and protective panels; to accurate voltage regulators; 
and to the development of a light weight constant- 
speed drive similar to the опе used today on the F-102A. 


A COMPARISON OF ALTERNATING AND 
DIRECT CURRENT. 


Included in Chapters II and III of this supplement are 
many electrical devices which not only pertain to direct- 
current systems but are also peculiar to alternating- 
current systems. In Chapter П, as an example, circuit 
protective and controlling devices such as switches, 
circuit breakers, and various types of relays were dis- 
cussed at length. Those devices are also used throughout 
the Е-102А a-c electrical power system. In Chapter ІП, 
the general information contained under those sections 
dealing with the maintenance and reliability of elec- 
trical equipment and with natural and the induced 
environment and its effects on an electrical system, can 
also be applied to alternating-current systems. In the 
same degree, wiring practices, the potted component, 
and trouble shooting in general can all be applied to 
the a-c power system of any airplane. In fact; many of 
the principles, the characteristics, and the effects of 
alternating current are similar to those of direct current. 
But, there are differences between d-c and a-c power. 
Some of these we have covered —for example, the weight 
and space-saving characteristics of а-с, Further examples 
are that in many a-c motors no brushes are required, 


о 


ш 
9 
4 
к 
= 
о 
» 


DEGREES OF ROTATION 


8ТМ50873А 


ELECTRICAL SYSTEM 


3609 AND 09 


2409 270° 3009 3309 


Figure 4-1. Generation of Alternating Voltage 


and commutation trouble at high altitudes is thereby 
eliminated; circuit breakers will operate satisfactorily 
under load at high altitude in a-c systems—circuit inter- 
ruption is a rare fault. In some cases, in d-c systems, 
arcing is so excessive at high altitude that circuit break- 
ers іп d-c systems must be replaced frequently. And 
there are other differences peculiar to alternating-current 
systems which you will recognize as we progress in this 
chapter. 


In Chapter I, the principles of generating a-c emf are 
discussed at length. You learned chat the principal 
difference between an a-c generator and a d-c generator 
is the method used to connect their external circuits— 
the a-c generator is connected to slip rings the d-c gen- 
erator to the commutator; and that either type operates 
by the induction of a-c voltage іп the coils. For a review 
of these principles, you should turn to Chapter I and 
re-read this material, and if necessary, study those pages 
dealing with the generation of alternating current. 


Pehaps at this point in the discussion, we should further 
compare these currents by bringing back into focus the 
movement of electrons as they behave in an a-c circuit. 
As you already know, direct current is current that 
always flows constantly in one direction—it is constant 
also in its amplitude. 


Alternating current, on the other hand, changes its 
direction constantly and at regular intervals. This is 
pictorially summarized in figure 4-1. In an alternating- 
current circuit, electrons move through the circuit in 
one direction for a short period of time, when our a-c 
generator is on its positive alternation. Then, as the 
generator starts its negative alternation, the electrons 
change their direction and move back over the path 
they formerly covered for a corresponding time interval. 
This is best illustrated in the following simple а-с 
circuit, figure 4-2. 


THE PECULIARITIES OF ALTERNATING 
CURRENT. 


Direct current consists of electrons moving from a point 
of low potential to a point of high potential. This is 
also true in alternating current with but one difference— 
they have their own peculiar method of travel, This 
difference is best demonstrated in figure 4-2 above. 
As indicated by the solid arrows, electrons move toward 
their point of high potential. But unlike our electron 
flow in direct current, which has continuousness, the 
electron flow іп a-c changes at this high pont, from one 
side of the circuit to the other, The polarity of the 
applied alternating emf (electromagnetic force) has 
changed, causing the direction of current flow to change 
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Figure 4-2. Electron Flow in an A-C Circuit 


as indicated by the dotted arrows, In other words, alter- 
nating current is a current that has continuousness only 
in its varying in magnitude and its periodic change of 
direction. 


CYCLE AND FREQUENCY. 


One completed positive and negative alternation of an 
а-с generator is termed a cycle. Whenever a voltage or 
а current passes through a series of changes and then 
returns to its starting point and starts the same series 
of changes all over again, the series is called a cycle. 
In electricity, the cycle is represented by the symbol 
(Ne have said that there are two alternations іп 
the complete cycle of an a-c generator. The number of 
times each cycle occurs in a given period of time is 
called frequency. Electrically speaking, the frequency of 
an electrical current or voltage indicates the number of 
times a complete cycle recurs in one second. This is 
demonstrated in the cycle of voltage and its correspond- 
ing current shown in figure 4-3. 


In a generator, the voltage and current pass through a 
complete cycle of values each time a coil passes under 
the north and south pole of the magnet. The number 
of cycles for each revolution of the coil is equal to the 
number of cycles in one complete revolution multiplied 
by the number of revolutions per second, For clarity, 
let's express this mathematically as follows: 


Е (the frequency) 


_ P (the number of М and S poles) КРМ 
— 2 (the number of pole pairs) 60 


Sixty represents the number of seconds in one minute. 
То find the revolutions in one second, we simply divide 
the revolutions per minute by 60. Thus, if we have an 
а-с generator that turns at a speed of 6000 rpm, such 
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as the one used in the F-102A, we would find that it 
turns 100 revolutions in one second; since it is an 
eight-pole a-c generator, the frequency would be four 
times 100 or 400 cycles per second. Expressed in the 


form of the above equation, it would look something 
like this: 


8 _ 6000 
F=7X m 
F=4> 100 


F — 400 cps (cycles per second) 


In other words, to generate the 400-сусје alternating 
current used in the F-102A, it is necessary that a coil 
rotate at 6000 constant revolutions per minute. Of 
course, there is always a plus or minus tolerance allow- 
able. In the case of the Е-102А, it is 6000 rpm 60 and 
400 cycles - 4, or a tolerance of 1 percent, 


ALTERNATING CURRENT VALUES. 


Four values must be considered when discussing alter- 
nating current and voltage. We will discuss them in the 
following order: the maximum or peak values, the 
instantaneous values, the average value, and effective 
value, These are shown in the sine-wave form, figure 4-4. 


Peak and Instantaneous Values, 


The maximum or peak value is indicated as the highest 
voltage or the highest current reached on either the 
positive alternation or the negative alternation. The 
instantáneous values of current and voltage in alternat- 
ing current vary constantly. Also, there may be any 
number of instantaneous values between zero and the 
maximum or peak value in either the positive or nega- 
tive alternation. Instantaneous value is the value of the 
a-c voltage or current at one particular instant, It may 
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Figure 4-3. Frequency and Cycle in A-C 


be the same as the maximum or peak value if the selected 
instant is at the time the voltage or current stops increas- 
ing and starts decreasing. The instantaneous value could 
be zero if the selected instant is the time during which 
the polarity of the voltage is changing. It is for this 
reason that in alternating current, the maximum or peak 


MAXIMUM OR РЕАК (1.41 X EFFECTIVE) 
EFFECTIVE (.707 X PEAK) 


AVERAGE (.636 X PEAK) 


INSTANTANEOUS 
VALVES 


81450876A 


Figure 4-4. A-C Valves 


voltage or current values cannot be used directly in solv- 
ing for power consumption as they can be іп direct 
current. Ín the curve, any point we wish to pick out 
could be the instantaneous value in either alternation. 
It could be the peak value, it could be zero, or it could 
be the value between these two extremes. 


The Sine of an Angle. 


To carry this discussion into the sphere of mathematics, 
the sine of the angle, through which a revolving coil of 
wire has moved from zero to any point in its orbit, may 
be used graphically to represent the voltage induced in 
the coil at any particular instant, Each curve or wave 
shown thus far in this chapter is what is known as a 
sine wave. They are plotted from the sines of the various 
angles of rotation. Let's find out more about them. 


In a right triangle the sine of an angle is equal to the 
side opposite the angle divided by the hypotenuse, Let's 
illustrate this: B 
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Figure 4-5. Voltage Sine-Wave 


From high school, you undoubtedly remember the defi- 
nition we have given, but if not, the right triangle 
drawn above will refresh your memory. In this triangle 
ABC, AB is the hypotenuse, BC is the side opposite the 


angle a or the sine, so we would write it something 
like this: 


BC (the opposite side) 


inta: AB (the hypotenuse) 


For example: 0? has a sine of zero, for 30° it із 0.50; 
60° it is 0.866; 90? it is 1.0, and for 120? it becomes 
0.866 (as it was for 609) and at 1809 it becomes zero 
again. As you can see in the plotted sine wave, figure 
4-5, as the values move to the negative side of the 
horizontal line, they become minus quantities; at 2109 
the sine is — 0.50, 240° is — 0.866, 2709 is - 1.0, 
3009 is — 0.866, and at 3609 we find that we are back 
at zero again. 


Finding Instantaneous Values. 


The formula used to find the instantaneous values of 
an emf in terms of the sine of the angle, through which 
the conductor has been rotated from its neutral position 
(0°) to the maximum a-c voltage value is written: 


sine a == 
Emax 


a is the angle through which the conductor 
has moved from its neutral position, 


e is the instantaneous value, and 
Emax 15 the maximum value. 


The formula to find the instantaneous value of current 
would simply mean substituting і and Грау for e and 
Е. In your capacity as а flight-line maintenance 
mechanic, you will probably never be called on to use 
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the formulas given above. It is hoped, however, that by 
knowing the method of plotting and of finding the 
values of alternating current that the elementary mathe- 
matical facts just given you will help to clarify the 
values found as you learn basic a-c circuits. 


Average Values. 


The average value in alternating current is the average 
of all the instantaneous values during one alteration. 
And, except from. a mathematical viewpoint, it is of no 
great significance. It is merely a numerical average of 
ail the sine values for all the angles, and it is equal 
to 0.636 times the maximum value. 


What Is Meant by Phase, 


А sine-wave represents a series of a-c values, or quan- 
tities plotted by vector representation. In the same man- 
ner that the positioned hands of an ordinary wrist watch 
accurately represent the time of day, an interval of time, 
or the quantity of time left in a working day, the vector 
is an imaginary indicator whose length, direction, and 
position accurately represents a given electrical quan- 
tity of current, voltage, or power. Vector quantity is 
computed mathematically and is mentioned here simply 
to familiarize you with the term. For our immediate 
understanding, let's say that a vector represents an elec- 


trical amount and phase. And electrically that phase is 
an interval of time, 


When a circuit contains pure resistance, the current and 
voltage will pass though zero and reach maximum value 
at the same time. The current and voltage are then said 
to be in phase. This is shown in the illustration of the 
output voltage characteristics of a two-phase a-c gener- 
ator, figure 4-6. The phrase "pure resistance" means a 
circuit containing little or no reactance, If, however, 
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Figure 4-6. Two-Phase A-C Generator 


there is resistance, and the current and voltage pass 
through zero and reach maximum values at different 


time intervals, the current and voltage are said to be 


out of phase. By measuring the number of degrees of 
rotation that has taken place between the time the 


A. CURRENT AND VOLTAGE 
IN PHASE 


8ТМ508798 


B. EFFECT OF INDUCTANCE 


ELECTRICAL SYSTEM 


leading curve crosses the zero point—or any other ref- 
erence point for that matter—the number of degrees 
difference in the two curves may be determined, as 
shown in figure 4-7. The difference in degrees between 
the two curves is called "the phase angle." 


Example "A" shows voltage and current in phase. In 
sine-wave "B," the current is lagging the voltage by 909, 
or % of a cycle. This is the effect of a pure inductive 
circuit. In sine-wave "C," the current has reached its 
maximum value У; of a cycle, or 90° ahead of the volt- 
age. When this occurs, it means that we have a circuit 
which contains only capacitance. Therefore, the amount 
that the current "lags" or "leads" the voltage in a cir- 
cuit depends on the amount of resistance, inductance, 
and capacitance in the circuit. 


Effective Values of Current and Voltage. 


In alternating current, any values given for current or 
for voltage are assumed to be effective values unless 
otherwise specified. But in practice, you will be dealing 
only with effective values об voltage and current. This 
should not be confused, as it often is, with the "effective 
value." The effective value is the actual rating of the 
useful power available to do work. And because it is 
the actual rating of the useful power to do work, 
perhaps a discussion of what is meant by the phase of 
current and voltage should be discussed before taking 
up the most important of alteruating-current values, 


effective value. 


As you know, іп any d-c circuit, the voltage across the 
circuit and the current through the circuit have certain 
instantaneous magnitudes. Ás you learned earlier in 
Chapter Il, these are determined by the actual values 
of the voltage and the resistance present in the circuit. 


C. EFFECT OF CAPACITANCE 


Figure 4-7. Sine Waves of A-C Voltage and Current 
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It should be clear then why thé term "effective value" 
had no particular significance in our discussion of d-c 
circuits. After all, if LO volts or 1000 volts аге applied 
to à d-c circuit, the effective d-c voltage would obviously 
be 10 volts or 1000 volts. If this statement is puzzling, 
it is suggested that you turn to those pages dealing in 
4-с circuits and re-read them. But, since іп a-c circuits 
the instantaneous values of current and voltage vary, 
there must be some basis on which to judge them. The 
basis used is d-c current. 


In an a-c circuit, when the voltage and current are in 
phase, the effective values of voltage and current are 
expressed as values of d-c voltage and current. In other 
words, the effective value of alternating current is the 
same value as direct current іп the same circuit chat 
would cause the same amount of electrical energy to be 
dissipated or produce an equal heating effect, 


To get back to our sine-wave voltages for a moment, if 
the a-c power under consideration is of а sine-wave 
nature, it would not be necessary to resort to any experi- 
mental computations to arrive at its effective value, 
Іс is proven mathematically that for sine-wave current 
or voltage, the effective value is equal to 0.707 times 
the maximum or peak value. As an example, let's say 
10 volts of a-c are applied to a circuit; the effective 
voltage present would then be equal to 0.707 times 
10 volts, or 7.07 volts, This is also true of current. 
If the current in this same circuit measured 10 amperes 
peak or maximum, the effective current flowing would 
be 7.07 amperes. 


The effective value then in an a-c circuit is equal to 
0.707 times the peak value (E,,,—.707E,,,,). The effec- 
tive value is also called the root mean square ог RMS 
value. 


Let's find out how this particular figure above — this 
constant — is atrived at, and why it is referred to as 
the RMS. 


The effective value of an emf is the square root of the 
average of (Ве sums of the squares of the instantaneous 
values which make up a cycle or one complete alter- 
nation. And as we have shown above, the effective emf 
is represented by the symbol E,;, and its relation to the 
peak emf is expressed in the formula: 


or 


Eere = 0.707 E penk 
and for current, 


IE 0.707 peat 


So that these values for sine-wave current and voltage 
can be atrived at without lengthy mathematical compu- 
tations a list of constants has been calculated. The rela- 
tionships between these values apply, however, only to 
sine-wave АС, and are used for both voltage and 
current. ° 
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Тһе effective value is equal to 0.707 times the peak or 
maximum value. The other values which have been 
discussed generally, follow along in line: The peak or 
maximum value is equal to 1.41 times the effective 
value; the average value is equal to 0.636 times the peak 
or maximum value; and the maximum value is equal 
to 1.57 times the average value, 


APPARENT POWER, 


While we are on the subject of values, it might be 
well to discuss what is known as "apparent power." 
Apparent power or volt-amperes is of considerable 
importance because it is the volt-amperes, and not volts, 
which determine the operating limits of an a-c gen- 
erator. The а-с generator used in the Е-102А, for 
example, has a rating of 30-Куа, Kva is a measurement 
of the apparent power of an electrical system — the 
number of volt-amperes divided by 1000. In other words, 
it is the product of one impressed kilovolt and the 
resulting current in amperes — а kilovolt being equal 
to 1000 volts. It is from this that we get the kilovolt- 
ampere and its abbreviation, kva. 


Тһе apparent power in an a-c circuit is equal to the 
product of the effective, the rms, values of voltage and 
current, This product, however, is not equal to the true 
power, except when the voltage and current are in 
phase. 


On page 47 of this supplement, you learned that the 
unit of electrical power is the watt. Electrical power is 
the rate аг which electrical energy in a circuit is 
expended. Another way of expressing the same thing: 
power is the rate of doing work; in electricity it is equal 
to the voltage multiplied by the current in the circuit. 
Written in equation form for obtaining the power factor 
in a d-c circuit, the formula reads: P = El, or watts 
equals volts times amperes. In other words, if 1 ampere 
flows in a circuit with a pressure behind it of 200 volts, 
the power is 200 watts, The product of the volts and 
the amperes is what is known as the "true power" in 
the circuit, But on page 47, we were talking about 4-с 
Circuits and here we are discussing a-c, Well, actually, 
they parallel each other. In an a-c circuit, a voltmeter 
indicates the effective power while ай ammeter indi- 
cates the effective current. Apparent power is the prod- 
uct of these two readings; so іп an a-c circuit, it is only 
when an a-c circuit consists of pure resistance that the 
apparent power is equal to the true power, Let's take a 
look at the power relations in an a-c circuit: 
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Figure 4-8. Measuring the Power Factor 


In an a-c circuit, the true power is less than the apparent 
power when the current and voltage are out of phase. 
And this, as you know, is caused by the amount of 
capacitance or inductance in the circuit. The true power 
in an a-c circuit is therefore obtained by a wattmeter 
reading and not by multiplication as it is in a d-c circuit. 
The wattmeter will be discussed a little later in this 
chapter when measuring instruments for the a-c system 
are discussed. It is the ratio in an a-c circuit of the 
true power to the apparent power that is called the 
power factor. It is usually expressed in percent. Let's 
look at this relationship in equation form: 


100 x Watts (The True Power) 


Tower Factor = Volts X Amperes (The Apparent Power) 


Figure 4-8 should clarify the measurement of the power 
factor in an a-c circuit. As you can see, the 220-volt a-c 
motor is apparently taking 50 amperes from the line. 
|The wattmeter, however, іп the line shows that only 
19350 watts are taken by the motor. To find the арраг- 
ent power and the power factor in a case like this we 


І 
would use our equation, We know that the apparent 


power is equal to the volts times the amperes, 


Apparent Power = 220 Х 50 
ог 11,000 volt-amperes 


therefore 
9350 x 100 


11,000 


_ 935,000 
FES 11,000 


PF — 85 ог 85% 


Power Factor — 


As we have already pointed out, volt-amperes in 
alternating-current is important as it determines the 
operating limits of an a-c generator. And since it is 
important, perhaps a further word should be said in 
regard to these operating limits, These output limits 
of an a-c generator are determined chiefly by the tem- 
perature rise which is produced in the windings. This 
increase in temperature 15 caused principally by the core 
and copper losses. Core losses depend on the frequency 
and the flux density and are fixed by the operating 
voltage and frequency. Copper losses, on the other 
hand, are determined by the amount of current. Full 
load is reached when the equipment is carrying the full 
rated current at the rated voltage and frequency. 
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Figure 4-9. Capacitance in an A-C Circuit 


Before going any further, it is suggested that it might 
be a very good idea if you turn back and re-read Chap- 
ter I, paying special attention to Lentz's Law found on 
page 23. This is especially applicable when studying 


alternating-current circuits which contain inductance. 


INDUCTANCE. 


We explained in Chapter I, when we were talking about 
the fundamental a-c generator, that when an alternating 
current flows through a coil of wire, the rise and fall 
of the current flow, first in one direction and then in 
another, sets up expanding and collapsing magnetic 
fields about the coil. This induces а voltage in the coil 
which is opposite in direction to the applied voltage and 
the flow of current, and opposes any change in the 
alternating current. It is sometimes called back emf, or 
more familiarly counter-voltage. Let's carry this a step 
farther. 


You learned how two windings adjacent to one another 
will react upon each other by a process known as mutual 
inductance, You also learned how a single coil will 
react upon itself by a process known as self-induction 
and produce a counter voltage. This was illustrated in 
figure 1-24, on page 24. This property of a coil to 
oppose any change in the current flowing through it 
is called inductance. 


Inductive Reactance and the “Henry.” 


Inductance is indicated by the letter L — its unit of 
measurement is called the "henry." 


In an a-c circuit containing inductance there is opposi- 
tion to the flow of current in addition to the resistance 
normally present, The extent of this opposition depends 
on two things, the frequency of the applied voltage, and 
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Figure 4-10. The Impedance Triangle 


the amount of inductance that is present in the circuit. 
This opposition is what is known as'"inductive react- 
ance." Inductive reactance is indicated by the symbol 
Хі. The formula used for finding the inductive 
reactance is: 


Х,-2:(1х1) 
where 
2(т)-- 6.28 


f— the frequency in cycles per second 


L — the inductance in henrys 


Аз you have learned in Chapter I, because of the nature 
of a counter emf there is no actual loss of electrical 
energy. Therefore, even though inductive reactance is 
an. opposition to a-c current flow, its result is not loss. 
But it does require a greater applied voltage to over- 
come this additional opposition, It is due to the oppo- 
sition of inductive reactance that current lags the voltage 
in an а-с circuit, But it should be clear that by multi- 
plying the instantaneous values of the voltage and cur- 
rent together, when this out-of-phase condition exists, 
that the power output is greatly diminished, And if the 
circuit is purely inductive, the current would lag the 
voltage by 909. 


Inductance in Series and Parallel A-C Circuits, 


You remember that in d.c circuits tesistances in series 
are added to find the total resistance in the circuit. 
This will be found beginning on page 40 if you wish 
to teview or compare methods of computing values in 
а-с and d-c circuits. In the identical manner, the total 
reactance in an a-c circuit is found by adding the indi- 
vidual reactances. Let's illustrate this: 


(Хојт = (X). + (X1). 


С) 


ро 


То find the total reactance of inductors in a-c parallel 
circuits, the following formula is applied. 


1 
Ghan РР РЕ 
а.а," (КО; 06), 


(X,)4 = Total Reactance 


(X4), ete: = Individual Reactances 


CAPACITANCE. 


Іп Chapter І, page 22, you were introduced to a capaci- 
tance, and on page 27 capacitors were discussed at 
length. But because capacitance is such an important 
property in a-c circuits, it is felt that you should have 
more knowledge of it. For that matter, most of what 
we have been discussing thus far in this chapter has 
been covered in some degree in Chapter I, or II or III. 


Inductance is the property of a coil in an a-c circuit. 
Capacitance is the property of a capacitor. The unit 
of capacitance is called the farad. As previously 
explained in Chapter I, page 27, a capacitor is a device 
having the ability to store, or hold, a charge of elec- 
tricity. When placed in an alternating-current circuit, it 
stores electricity on one alternation (Уз cycle) and 
when the current reverses polarity on the other alterna- 
'tion, the capacitor becomes momentarily discharged and 
then recharges in the other direction on the second 
alternation. Figure 4-9 is a simple visual explanation of 
an a-c circuit containing a capacitor. 


As you can see, the plate of the capacitor alternately 
changes polarity. In a circuit where there is only capaci- 
tance, the current leads the impressed voltage. This is 
in direct contrast with a circuit containing pure induct- 
ance, when the current lags the voltage. This is illus- 
trated on page 22. 


Capacitive Reactance, 


Capacitance, like inductance, offers opposition to the 
flow of an alternating current. This opposition is called 
capacitive reactance. Capacitive reactance is measured 
in ohms, just as inductive reactance is measured. It is 
designated, however, by the symbol Х,. 


1 
X = TK EXE 


where 
2т = 6.28 


f = The frequency in cycles per second 
but 
C — The capacitance in farads 


The Effects of Inductive and 
Capacitive Reactance. 


Let's get back for a moment to our formula for capaci- 
tance reactance and further compare it with our formula 
for inductive reactance. 


ELECTRICAL SYSTEM 


By comparing the two formulas, we can see that while 
X, is directly proportional to the frequency and induct- 
ance, X, is inversely (the exact reverse) proportional 
to the frequency and capacitance. Another way of saying 
the same thing, X, increases as the frequency and induct- 
ance increase, and X, decreases as the frequency and 
capacitance increase. This simply means that since induc- 
tive and capacitance reactance act in opposite directions, 
one can be used to cancel out the effects of the other. 
How is it accomplished? Well, we know that if a power 
circuit contains a large value of inductance, it will cause 
the current to lag the voltage; and by the same token, 
we know that too much capacitance will cause the cur- 
rent to lead the voltage. Therefore, by adding just 
enough capacitance to the circuit to counteract the effects 
of the inductance we can bring the current and voltage 
back in phase. This is usually done in a-c circuits and 
causes the apparent power and true power to be equal. 


IMPEDANCE. 


Impedance is the total opposition to the flow of alter- 
nating current in a circuit — the combined effect of the 
total reactance and the tesistance. The total reactance is 
the difference between X, and X,. The symbol for 
impedance is Z, Because it opposes current flow, it has 
the same unit of measurement as resistance — the ohm. 
This is pethaps more clearly shown in the impedance 
triangle in figure 4-10. 


ALTERNATING-CURRENT CIRCUITS. 


This section, as its heading implies, deals with Ohm's 
law as it relates to a-c circuits; and at the same time, it 
will be a sort of resume of what we have learned so far 
concerning the peculiarities of a-c circuits. As a whole, 
we will be dealing purely with simple mathematical equa- 
tions for finding the various values peculiar to a-c cir- 
cuits. If you know these, and understand them, you will 
have no trouble in understanding of alternating current. 
It is recommended that you work these problems out 
yourself, even though the method and answers are 
shown. А complete manual, and longer than this one, 
could be written about “trouble-shooting,” but if you 
didn't get out and actually trouble-shoot, the manual 
would be worthless, and you would be worthless as a 
flight-line mechanic, So, it is the "doing" that counts, 
and with it comes interest in what you are doing and 
interest builds efficiency, and with efficiency comes 
promotion. 


Problems In A-C Circuits, 


As a beginning, let's take our formula for impedance: 


І-- 


2 


And let's say we have a series circuit containing a lamp 
with 11-ohms resistance connected across a source of 
voltage, figure 4-11. 
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Figure 4-11. А-С and D-C Voltage in a 
Series Circuit 


For the sake of comparison, let's find how much cur- 
rent will flow if 110-volts DC is applied and how much 
current will flow if 110-volts AC is applied. 


If you will turn to page 39, and take а look at the Ohm's 
law chart for d.c circuits you will see that to find I 
(amperes) the formula is: 


E 
І-і 
$о іп this case: 
_ 110 
PSOE 


or 
I= 10 amperes DC 


If AC is applied the formula would be: 


[=> 
where Z (impedance) is equal to R (resistance, by 
substituting) : 
= по 
Pe 
ог 
І- 10 amperes АС 


As you-can see, this simple circuit contains resistance 
only, which bears out a previous statement made: that 
if a circuit contains resistance only, the current flow 15 
the same regardless of whether the applied voltage is 
alternating current or direct current. 


Nov, let's apply Ohm's law to an a-c circuit containing 
inductive reactance whose symbol is X,. The formula 
would then look like this: 

E 


I-L 


X, 
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And suppose we have an a-c series circuit, figure 4-12, 
in which the inductance is 0.146 henrys and the voltage 
is 110 volts at a frequency of 60 cycles per second. 


Now, just what would be the flow of current in this 
circuit? Well, first of all, the inductive reactance must 
be found, and we know that the inductance as expresed 
in henrys is L= 0.146; so by substitution in our formula 
for finding the inductive reactance we would have 


X,22s XfxXL 
X, = 6.28 X 60 X 0.146 
X, = 55 ohms 
so to find the current, 
icy 
— по 
55 


I= 2 amperes 


In the same manner, to find the capacitive reactance 
and the current flow in a circuit we would find the 
reactance first and then the current. 


Let's assume that in another series circuit, figure 4-13, 
there is an impressed voltage of 110 volts at 60 cycle 
(-) per second and that in the circuit there is а con- 
denser whose capacitance is 80 uf. 


You learned that one million microfarads are equal to 
one farad. This means that to change 80 uf to farads we 
divide by 80 by 1,000,000. The quotient, or the answer 
to this problem in long division, is 0.000080 farads. АП 


you must do to arrive at this, is to watch your decimal 
points, 


110 VOLTS 


AC, 60 CYCLES 


8TM50884A 


Figure 4-12. A-C Circuit and inductance 
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Figure 4-13. Capacitance in a Circuit 


By substituting in our equation we find that 


1 


X. = $28 X 60 x 0.000080 


which is equal to X, — 33.2 ohms of reactance. 


Knowing the capacitive reactance and by checking our 
formula chart, we find that to solve for the current flow 
in a capacitive reactance circuit we use 


and by substitution, 
_ 110 volts 
— 33.2 ohms 
therefore, 


I= 3.31 amperes 


The circuit problems used above have been comparatively 
simple, but suppose an a-c circuit contained inductance 
or capacitance and Z the impedance could no longer be 
simply substituted for the resistance R in Ohm’s law for 


computing current flow. 


In cases such as these, two entirely new formulas are 
used to find the impedance. In an a-c circuit containing 
resistance and inductance the formula is: 


Z= VR TX? 
And if the circuit contains resistance and capacitance, 
Z= /R: +X; 


To illustrate our first formula, suppose we draw an a-c 
circuit, figure 4-14, which contains both resistance and 


inductance. 


ELECTRICAL SYSTEM і 


In this circuit resistance (6 ohms) and inductance | 
(0.021 henrys) is connected in series with а 110-volt-at- ' 
60-cycle supply. Our problem is to find the impedance 1 
and the current through the lamp and the coil. 


In order to do this we must first compute the inductive 1 
reactance of the coil. Why? Because the impedance is 
the combined effect in this case of resistance and the ' 
inductive reactance. So, we use our formula for comput- | 
ing inductive reactance, i 
Х,-2хїхї 
and substitute accordingly: 
X, = 6.28 x 60 X 0.021 
therefore, 


X, — 8 ohms of inductive reactance і 


Our next step is to compute the total impedance, and 
by using our first formula, 


Z= /R:+ X; 

Z= VOTRE 
we substitute 

Z= 65-85 
therefore, 

Z= V36F 64 

Z= \/10б 


and by taking the square root, 


Z = 10 ohms of impedance 


The current flow would then be solved by Ohm's law 
method, 
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Figure 4-14. Resistance and Inductance 
in an A-C Circuit 
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I= 11 amperes 


But let's find out how much of a voltage drop there is 
actoss the resistance in this circuit, And after that how 
much there is across the inductance. 


In Chapter П you learned that when there is a voltage 
drop in a d-c circuit it is equal to the sum of the voltages 
across each of the resistances and that the method of 
solving such a problem was by using the formula taken 
from the Ohm's law chart for d-c circuits, 


E=IXR 


In an a-c circuit, then Ең would represent the voltage 
drop across the resistance. Therefore, Ең would be sub- 
stituted for E in the above formula, and we would have 


EQ—IXR 
EQ—a1x6 
or 


Ер = 66 volts, the voltage drop across the resistance 


The drop across the inductance would be expressed, 
Ез, So, our formula would now be 


Ex, = IX Rx, 
therefore, 

Еп 11 Х8 
ог 


Ex; = 88 volts, the voltage drop across the inductance 


Now just what does this mean? Here we have a 66-volt 
drop across the resistance and an 88-volt drop across 
the inductance, The sum of these two voltages, we 
find by simple addition, is 154 volts—44 volts greater 
than the impressed voltage! Actually the reason for this 
is quite simple, It is the result of the two voltages 
being out of phase. 


The mathematical analysis of the circuits shows clearly 
that in a-c circuits, unlike d-c, the amount of current 
flow depends not only on the resistance but also on the 
inductance or the capacitance in the circuit. As a matter 
of fact, in ап a-c circuit either or both of these electrical 
Properties have far more influence on the current flow 
than resistance, and as you have seen, in some cases, 
almost entirely control the current. 
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Figure 4-15. Capacitance and Resistance 
in an А-С Circuit 


If you will compare our computations here with those 
relating to d-c circuits in Chapter П, pages 38 through 
48, it should be plain enough that resistance has prac- 
tically the same effect in an a-c circuit às it has in a d-c 
circuit. The difference found in the effects of inductance 
and capacitance in d-c and a-c circuits results largely 
from the fact that a-c constantly changes in direction 
and value, This constant change causes a varying in the 
magnetic and electrostatic fields, The magnetic field is, 
of course, associated with inductance, the electrostatic 
field with capacitance. 


When there is capacitance in an a-c circuit as well as 
resistance, we use our second formula to find the total 
impedance: 


Z= VR? + Жү? and the formula X; = IKE 


to find the capacitive reactance. In the series circuit in 


figure 4-15, there is a capacitor of 200 uf ‘connected in 
series with a 10-ohm lamp: 


Let’s find the total impedance, the amount of current, 
and the voltage drop across the resistance. 


First of all, just as you did in the last problem, the uf 
quantity must be changed back into farads: 


200 


00 mi = —— 
200 microfarads 7,000,000 


= .000200 farads, 


By substitution in our formula, to find the capacitive 
reactance: 


. 


х, : 


2a KEKE 
БЭР 1 
077 6.28 х бо Х.000200 
1 
х= .07536 


Хо = 13 ohms, the capacitive reactance 


To find the total impedance, we now use the impedance 
formula for circuits containing capacitance and resist- 
ance, which, as you know, is 


Z= /R:+ XG 
and by substituting, 
Z= 3/10 + 13? 
Z= м100 + 169 
Z= \/269 
2, = 16.4 ohms, the total impedance 


To solve for current flow in this circuit, we return to 
the Ohm's law: 


E 

1222 
110 

iS 16.4 


1 = 6.7 amperes 
And to find the voleage drop across the lamp, 
E,-—IXR 
Ек = 67 volts 
The voltage drop across the capacitor would in this case 
be expressed Exc; 


therefore, 
Ес-іхХе 


Exo = 6.7 X 13 
Exc = 86.1 volts 
As in our circuit containing resistance and inductance 
but no capacitance, we find that these two voltages do 
not equal the supposed applied voltage of 110 volts. 
Here again you have a circuit in which E and 1 are out 
of phase, but instead of lagging, the voltage being a 
capacitive circuit, the current is leading the voltage. 
The voltage would be expressed Ег. So to find the 
applied voltage you would use the equation 
қ-ғ 
Ет = y 67° + 86.12 
Ер = У 4489 + 7413 
E, = \/11902 
Е = 110 volts 


ELECTRICAL SYSTEM 


Now, how about a circuit which contains not only 
resistance and capacitance but also inductance? See 
figure 4-16. Since X,, and Хо tend to cancel each other 
out, they would be expressed (X, — Хо). Therefore, the 
equation for a circuit containing resistance, inductance, 
and capacitance is: 


Z= yR't(X,- Хо) 


By substituting, you would, іп this case, solve for the 
total impedance. As an example, suppose we have a 
series circuit which looks something like figure 4-16. 
То find the impedance, 


Z= VR +(X,- Хо 
Z= VF (10-7)? 


Z= VET E 
Z= \/16+9 
Z= \/25 

Z= 5ohms 


As you should now understand, many of the ideas you 
absorbed in the study of d-c circuits are applicable to 
a-c circuits. Those features that you have found different 
are caused by the constant changing of the direction and 
the magnitude of alternating current. 


The rules and equations for d-c circuits as you have dis- 
covered apply to a-c ciccuits when those circuits contain 
resistances alone, such as lamps, a coil, or heating ele- 
ment, So, in order to use the effective values of voltage 
and current in a-c circuits, the effect of inductance and 
capacitance must be taken into consideration as well as 
the resistance. And the combined effect of resistance, 
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Figure 4-16. Resistance, Inductance, Capacitance 
in an A-C Circuit 
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Figure 4-17. Phase Angle 


inductive reactance, and capacitive reactance makes up 
the total opposition to the flow of our electrons in an 
a-c circuit, 


But as you have gathered through your computations of 
the above circuit problems, it is either capacitive react- 
ance or inductive reactance: which predomiñates in the 
alternating-current circuit, 


When we discussed apparent power, you learned that 
in an a-c circuit the ratio between the apparent power 
and the true power is what is known as the power fac- 
tor; that it is usually expressed in percent; and that the 
formula is written 


Power Factor = — ЧЄ power _ 

apparent power 

The reason for this equation being written thus is that 
since the difference between true power and apparent 
power is directly caused by the phase separation of the 
voltage and the current in an a-c circuit, it would seem 
logical to expect a very definite relationship between 
the phase angle, the true power, and apparent power. 
And to find the phase angle, which is illustrated in 
figare 4-17, we must divide the true power by the 
apparent ромег-- the apparent power (volt-amperes) 
being the power delivered (watts) to the circuit, the 
true power or effective power being the power actually 
consumed by the circuit. 


УУАТТ1Е55 POWER—VARS. 


In Chapter П we touched on. power as it relates to the 
diréct-carrent circuit. The heating effect of electrical 
current is electrical power at work, and the unit of elec- 
trical power is the watt, Electrical power is the time 
rate at which electrical energy іп a circuit is expended. 
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In AC as in DC we have the watt as a unit of power, 
but we have also another type of power called "wattless 
power," which is expressed in vars, ог the volt-antperes 
reactive. For example, when we get to А-С Load Analysis 
in this chapter you will find that in takeoff and climb 
the F-102A uses 20543 watts, 9236 vars, and 22.48 Куа, 


The presence of either capacitive reactance or inductive 
reactance, as you have learned, will cause the current 
and voltage to be separated by some angle between 
0 and 909, But, and remember this, it will always be less 
than 90? because all circuits contain some resistance to 
current flow. 


The power which results from the applied voltage and 
the particular element of the current in phase with it is 
the actual power dissipated in the circuit, It should be 
noted, that all applied power dissipated by an electrical 
device is not, however, delivered in the form of useful 
power. Some of the applied energy is lost in heat; this 
loss is expressed IR; it is caused by the current flowing 
in the resistance of the circuit, The loss represents a 
direct, conversion of electrical energy into heat energy 
in the resistance. 


That part of the current not transformed into heat is in 
this manner 90 degrees out of phase with the applied 
voltage. It is this current which produces the magnetic 
field in inductive devices such as coils, And this degree 
of power which produces this field is what is known as 
our “wattless power,” “reactive power,” and is expressed 
in vars. Actually it is not power at all because it con- 
sumes no energy, since all the energy stored in magnetic 
or electrostatic fields is returned to the source of power 
when the fields collapse. And since none of this energy 
was converted into kinetic energy, except those I'R 
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Figure 4-18. Basic Windings of Transformers 


losses associated with the induced current flow, there 
has been no consumption of power. It is for this reason 
that vars or voltamperes reactive are spoken of as 
"wattless power.” 


TRANSFORMERS. 


А transformer is a device which steps up or steps down 
ап a-c voltage. It consists of two coils which are not 
electrically connected, but are so arranged that the mag- 
netic flux surrounding one coil threads through, or cuts, 
the other coil. In other words, when an alternating cur- 
rent flows through one coil, the varying magnetic flux 
creates an alternating voltage in the other winding by 
mutual induction, Mutual induction was covered in 
Chapter I. 


THE PRIMARY PARTS. 


А transformer consists of three primary parts — an iron 
core which provides a circuit of low reluctance for the 
magnetic flux, a primary winding which receives the 
electrical energy from the supply source, and a second- 
ary winding which receives electrical energy by induction 
from the primary and delivers it to the secondary 
circuit. 


То obtain maximum inductive effect between them, the 
primary and secondary coils are usually wound one upon 
the other on a closed core, The turns of insulated wire 
and layers of the coil are well insulated from each other 
by layers of paraffin-impregnated paper or mica. The 
iron core is laminated to minimize magnetic current 
losses, known as eddy losses, and is usually made of 


‘specially prepared silicon steels, since these steels have а 


low hysteresis 1055. And if you remember, hysteresis loss 
is due to heat caused by molecular friction when а mag- 
net reverses its polarity. 


CLASSES OF TRANSFORMERS. 


There are voltage transformers for stepping up or step- 
ping down voltages, and current transformers, which are 
generally used in instrument circuits. In voltage trans- 
formers, the primary coils are connected in parallel 
across the supply voltage, as shown in the illustration 
below. In current transformers, however, the primary 
windings are connected in series in the primary circuit. 
Examples of these internal windings are shown in 
figure 4-18. 


Of the two types, the voltage transformer is the more 
common. There are also power distributing transformers, 
such as the one found іп the voltage regulator of the 
F-102A, which are used with high voltages and heayy 
loads, Transformers are usually rated, just as a-c gen- 
erators are rated, in kilovolt-amperes, 


How a Transformer Works, 


When an a-c voltage is applied across the primary ter- 
minals of a transformer, an altérnating current will flow 
and self-induce a voltage in the primary coil which is 
opposite and nearly equal to the connected voltage. The 
difference between these two voltages will allow just 
enough current to flow in the primary coil to magnetize 
its iron core, This 15 called the exciting, or magnetizing 
current. The magnetic field caused by the exciting cur- 
rent cuts across the secondary coil and induces a second- 
ary voltage by mutual induction. If a load is connected 
across the secondary coil of the transformer, the load 
current flowing through the secondary coil will pro- 
duce a magnetic field which tends to neutralize che mag- 
netic field produced by the primary current, This reduces 
the self-induced, the opposition voltage, in the primary 
coil and allows more primary current to flow. The 
primary current increases as the secondary load current 
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Figure 4-19. Step-Up Transformer 


increases; it decreases as the secondary load current 
decreases, When. the secondary load is removed, the 
primary current is again reduced to the small exciting 
current sufficient to magnetize the transformer iron core. 


Turns Ratio. 


To accomplish changing voltage from one value to 
another, transformers are designed so that there are 
more turns on one coil than on «Не other. If the pri- 
mary coil, for example, has 200 turns and the secondary 
1000 turns, the voltage available in the secondary ter- 
minals will ье 102, or 5 times as great as the voltage 
impressed on the primary. This ratio of the riumber of 
turns in the secondary сой (М,), to the nümber of turns 
in the primary (N,), is called the ratio of transforma- 
tion and is expressed mathematically like this: 


where Е, and E, are the respective voltages of the two 
windings. 


Step-Up Transformers. 


When a transformer delivers a higher voltage chan the 
applied voltage, it is called à step-up transformer, Usiag 
the ratio of transformation equation, you сап determine 
the output voltage of a step-up transformer for any 
value of input voltage. À simple wiring schematic of a 
step-up transformer is shown in the shaded portion of 
figure 4-19. Thus, if 110-volt AC is impressed on the 
200-turn primary of a transformer with a 1000-turn 
secondary, уоп can determine the output voltage by 
the equation: 
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„№ 
E М, ш Е, 
_ 1000 Ey 
— 200 110 
r — 5, the turns ratio 
since, 
Е=Ехг 
E,—110x5 


E, — 550 volts 


Step-Down Transformers. 


When. a transformer lowers the voltage, it is called a 
step-down transformer. Its basic windings are shown 
in the unshaded part of figure 4-20. The ratio of trans- 
formation équation applies also to step-down transform- 
ers. Thus, if 110-volt АС is impressed on the 1000-turn 
primary of a transformer with a secondary of 200 turns, 
you can determine the voltage output by substituting in 
the equation: 


= I = E, 
1 È 
222200 Ey 
1000 110 
NS 
757 110 
Since the turns ratio is 1 to 5, 
E, = Łof 110 
27-25 


Е, = 22 volts output 


Any desired. amount of alternating voltage can be 
obtained by properly proportioning the number of turns 
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Figure 4-20. Step-Down Transformer 
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on the windings of a transformer. Їп transformers sup- 
(plying more than the applied voltage, there are more 
‘windings on the secondary than on the primary. In 
transformers in which the output voltage is less than the 
applied voltage, there are fewer turns on the secondary 


winding than on the primary winding. 


Power Losses In Transformers. 


There are several losses in transformers, These losses 
are due to eddy currents and hysteresis losses in the 
core and I*R losses in the primary and secondary wind- 
ings. Eddy current losses result from currents induced 
Ип the iron core by an alternating current. Hysteresis 
‘losses result, as you. know, because the flux іп the core 
is constantly alternating and power is required to effect 
these reverses of polarity in the iron core. The I'R losses 
are à product of the heat created in the windings, as 
you were told on page 162, is due to the resistance in 
Ithe windings themselves. For most practical purposes, 
since the efficiency of a transformer is unusually high, 
these losses are not taken into consideration in calculat- 
ing the voltage output of a transformer. 


Power In Transformers, 


Since a transformer does not add any electricity to the 
circuit but merely changes or transforms the electricity 
that already exists in the circuit from one voltage to 
another, the total amount of energy in a circuit remains 
the same. If it were possible to construct a perfect trans- 
former, power would be transferred from one voltage 
to another with по loss in power. Power, however, is 
the product of volts times amperes; therefore ап increase 
in voltage by means of the transformer must result in a 
decrease in current or vice versa, There cannot be more 
power in the secondary side of a trarisformer than there 
is in the primary. The product of amperes times volts 
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remains the same, Thus the primary power is E, X I; 
the secondary power E, X I,. And since there is no loss 
or gain in power, E, X I, is equal to E, X L,. From this 
you can derive the equation 


L.£.N 
L E М, 


How Transformers Are Connected 
Into an A-C System. 


Three-phase a-c generators and other three-phase loads 
are connected with their coils or load elements so 
arranged that three transmission lines are required for 
the delivery об power. Transformers that are used for 
stepping the voltage up or down in a three-phase circuit 
are electrically connected so that power is delivered to 
the primary and taken from the secondary by this stand- 
ard three-wire system. 


Single-phase transformers, however, and single-phase 
lights, as well as single-phase motors, may be connected 
across any one phase of a three-phase circuit. In order 
to balance the load on the three alternator coils, when 
single-phase loads are connected to three-phase circuits, 
the loads across all phases are made as nearly equal as 
possible, 


A single-phase transformer can also be used with a 
two-wire single-phase system to step-down voltages fed 
to it from feeder lines. The stepped-down voltage is 
used to operate various electrical devices. The center 
wire in this transformer is grounded, as shown in the 
simplified schematic, figure 4-21. 


А single-phase, three-wire system, figure 4-22, is used 
either in lighting circuits or in mixed lighting, motor 
combination; it is also used to step down voltage. The 
secondary coils may be tapped to obtain more than one 


Figure 4-21. Step-Down Transformer —Two-Wire System 
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Figure 4-22. Step-Down Transformer in a Three-Wire System 


voltage — the center wire is grounded. This type of 
hook-up is used in the F-102A instrument transformer, 
which steps the voltage down to 26 volts. 


Transformers for three-phase circuits can be connected 
in one of several combinations of the wye (y) and 
delta (A) connections. The connection used depends on 
the requirements for the transformer. 


The Wye Connection, 


When the wye connection is used in three-phase trans- 
formers, a fourth or neutral wire may be used. This is 
shown in figure 4-23. The neutral wire serves to connect 
single-phase equipment to the transformer. Voltages 
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(115v) between апу one of the three-phase lines and 
the neutra! wire can be used for power for devices such 
as lights or single-phase motors. In combination, all four 
wires can furnish power at 208 volts, three-phase, for 
operating three-phase equipment such as three-phase 
motors or rectifiers. When only three-phase equipment 
is used, the ground wire may be omitted. The system is 
then a three-phase, three-wire system. 


The Delta Connection. 


In figure 4-24, showing the primary and secondary with 
a delta connection, the transformer has the same voltage 
output as the line-to-line voltage. Between апу two 
phases, the voltage is 240 volts. This type of connection, 
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Figure 4-23. Wye Systems 
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Figure 4-24. The Delta Connection 


using the three wires — a, b, and c — can furnish 240- 
volt, three-phase power for the operation of three-phase 
equipment. To obtain single-phase, 120-volt power in a 


‘delta type distribution, the center taps may be taken off 


the individual phases. This system is not used as much 
as the wye system for single-phase power. 


The Wye and Delta Connections. 


Тһе type connection used for the primary coils may or 
тау not be the same as the type of connection used for 
the secondary coils. For example, the primary may be a 
delta connection and the secondary, a wye connection. 
This is called a delta-wye (A-y) connected transformer. 
Other combinations are delta-delta, wye-delta, and wye- 
wye. Тһе wye-delta combination is one of those used in 
the Е-102А and із shown in figure 4-25. 


DRY-DISC RECTIFIERS. 


Тһе dry-disc rectifier is a source of low voltage at high 
amperage. А rectifier is a device which transforms alter- 
nating current into direct current by limiting or regulat- 
ing the direction of current flow. The principal types of 
rectifiers used are dry-disc rectifiers and vacuum tube 
rectifiers. 


Dry-disc rectifiers commonly used in airplane electrical 
systems are based on the principle that electrical cur- 
rent flows through a junction of two dissimilar con- 
ducting materials more easily in one direction than it 
does in the opposite direction. This is due to resistance 
to current flow in one direction being low, while in 
the other direction it is high. Depending, of course, on 
the material used, several amperes may flow in the direc- 
tion of low resistance but only a few milli-amperes in 
the direction of high resistance. 


Two of the types of dry-disc rectifiers most commonly 
used in aircraft are the copper-oxide rectifier, and the 
selenium rectifier. These are shown in figure 4-26. 


The copper-oxide rectifier consists of a copper disc upon 
which a layer of copper oxide has been formed by heat- 
ing. It may also consist of a chemical copper-oxide 
preparation spread evenly over the copper surface. Metal 
plates, usually lead plates, are pressed against the two 
opposite faces of the disc to form a good contact, Cur- 
rent flow is from the copper to the copper oxide. 


Тһе selenium rectifier consists of an iron disc similar to 
a washer, one side of which is coated with selenium. 
Its operation is similar to that of the copper-oxide rec- 
tifier. Current flows from the selenium to the iron. 
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Figure 4-25. The Wye-Delta Connection 
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Figure 4-26. Dry-Dise Rectifiers 


CHARACTERISTICS. 


In practice, а number of discs may be placed together 
in series or parallel to form a tectifier assembly. When 
assembled, the pressure on the assembly plates is from 
500 to 2000 pounds per square inch. The resistance of 
the rectifier increases about 25% during the first three 
months of operation; this increase in resistance of a new 
unit is known as aging. The maximum life of a dry-disc 
rectifier is undertermined. Many have operated for а 
number of years without any loss in efficiency. Metal 
plates much larger than the discs are usually assembled 
between each disc section to increase the heat-dissipating 
capacity, 


'To increase the voltage rating of a rectifier, a number 
of discs are connected in series. To increase the ampere 
capacity of a rectifier, a number of discs are connected 
in parallel. A series-parallel combination increases both 
the voltage rating and the ampere capacity of the 
rectifier. 


THE DRY-DISC RECTIFIER CIRCUITS. 


Dry-disc rectifiers are connected as half-wave or as 
full-wave rectifiers. It is most important that you 
understand the function of these circuits if you are to 
understand the voltage regulation of the F-102A 
а-с electrical power system. 
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In the half-wave circuit, current flows in the desired 
direction during only half of the a-c cycle. During the 


other half-cycle, the current is almost completely blocked. 
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Figure 4-27. Half -Wave Dry-Disc Rectifier Circuit 
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Figure 4-28. Full-Wave Dry-Disc Rectifier Circuit 


' The output of the half-wave rectifier is as shown іп 
figure 4-28. The bottom half of the a-c wave has been 
cut out, and a series of pulses remain. The number of 

| these pulses is equal to the frequency of the applied 
voltage—60-cycle voltage produces 60 pulses, a 400-cycle 

| voltage produces 400 pulses per second. 


"А dry-disc rectifier for full-wave rectification is a bridge 
'arrangement, as shown in figure 4-28, which is com- 
‘parable to the arrangement in the F-102A voltage 
regulator, When point А in the rectifier is negative 
' With respect to point B, sections 1 and 3 of the rectifier 
conduct current in the direction indicated by the solid 
arrows. А half cycle later when B is negative with 
respect (о А, sections 2 and 4 conduct in the direction 
‘indicated by the dotted arrows. On both halves of the 
Cycle, current flows in the same direction through 
the load. 


Ча full-wave rectification, the number of pulses per 
second is equal to twice the frequency. Thus, for a 
| 60-cycle current there are 120 pulses, for a 400-cycle 
current there are 800 pulses. Since the number of pulses, 
|or the ripple frequency, is high, it is much easier to 
‘filter out the full-wave rectification pulses than the 
half-wave rectification pulses. 


| HOW DRY-DISC RECTIFIERS ARE USED 
ІІМ A-C CIRCUITS. 


| Dry-disc rectifiers, particularly the copper-oxide and 
| Selenium types, are used in either single or three-phase 
ı circuits, Current to them is supplied by a transformer. 
| 


| Figure 4-29 shows six rectifier units connected as a 
| bridge circuit with a three-phase, step-down transformer, 
Гапа a cooling fan. The resistor connected in parallel 
| With the rectifier is used to iron out excess voltages 
during cycle change-over. The transformer ' rectifier 


assembly is used to supply 28-volt d-c to the fan from 
a 400-cycle 208-volt a-c system. You will find a similar 
hook-up in the voltage sensing circuit of the F-102A 
voltage regulator. 


TROUBLE SHOOTING THE A-C POWER 
CONTROL SYSTEM. 


In Chapter ЦІ, you remember, we discussed trouble 
shooting in general, as it applied to d-c power systems. 
In a-c systems there is little difference in the procedure. 
Trouble shooting charts for the a-c system wil! be 
found in Т.О. 1F-102A-2-10. Procedures followed for 
operational check-outs will also be found in the 
Т.О. 1Е-102А-2-10 Handbook. There are few differences, 
however, in the instruments used to check out an a-c 
system, and for that reason they are included in this 
section. 


A-C INSTRUMENTS, 


If a d-c measuring device—say ап ammeter—were соп- 
nected into an a-c circuit, it would indicate zero. Why? 
Because a d-c ammeter reads only average values, and 
the average of an a-c circuit is zero. In an a-c circuit, 
the current attempts to go in one direction during 
one-half of the cycle and in the reverse direction during 
the other half. The direction of current flow, however, 
reverses too rapidly for the coil in the d-c ammeter 
to follow, and the coil takes an average position—zero. 
A meter with a permanent magnet cannot be used to 
measure either an alternating voltage or an alternating 
current. 


For airplane electrical systems, there are several types 
of meters suitable for measuring a-c voltage and current 
—the electrodynamometer, the moving iron-vane, and 
the rectifier type. Power measuring instruments, such 
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Figure 4-29. Three-Phase Transformer Rectifier Assembly 


as wattmeters and varmeters, are usually electrodyna- 
mometer type meters, Frequency meters may be electro- 
dynamometer or electromechanical. Electrodynamometer 
type ammeters and voltmeters are not only vety accurate, 
they are sensitive. Moving iron-vane meters, although 
not quite as sensitive nor as accurate, are less expensive. 


Electrodynamometer Meters. 


The electrodynamometer type meter depends on the 
principle that whenever a current is caused to flow in 
a conductor, there is a magnetic field around the con- 
ductor which is proportional to the strength of the 
current. flow. 

Let's take a look at the simple drawing in figure 4-30. 
Аз you can see in the electrodynamometer type meter, 
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the conductors are field coils and a movable coil. The 
field coils are split and fixed in position. The movable 
coil pivots between the two halves of the field coil so 
that its only movement is rotation—this rotation is 
opposed to a spring arrangement. In this way, when 
current flows in both the field and movable coils, the 
magnetic field polarities set up are such that the movable 
coil turns in a clockwise direction. Naturally, the more 
current that flows through the coils, the more easily 
the moving coil can overcome the opposition to the 
spring, and the farther it will rotate. With a pointer 
connected to the movable coil and a calibrating scale 
over which the pointer will move, the instrument can 
be used for measuring the reaction effect of the coils 
upon one another, and the current through the coils. 
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Figure 4-30. Electrodynamometer Type Meter and Circuit 
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Electrodynamometer Ammeter, 


In the electrodynamometer type ammeter, a meter used 
for measuring alternating current, the coils are of low- 
| resistance wire so that there will be a minimum voltage 
drop in the circuit measured. Ап inductive shunt is con- 
‘nected in series with the field coils, as shown іп 
figure 4-30. This shunt, if you remember, is similar 
to the resistor shunt used in d-c ammeters, permitting 
only part of the current being measured to flow through 
the coils. Аз in the d-c ammeter most of the current 
in the circuit flows through the shunt, but the scale is 
calibrated accordingly and the meter, thereby, reads the 
total current, Ап a-c ammeter, like a 4-с ammeter, is 
connected in series with the circuit in which current is 
measured. Effective values are indicated by this meter. 


Electrodynamometer Voltmeter. 


In the electrodynamometer voltmeter, the field coils are 
wound with many turns of small wire. Approximately 
0.01 ampere of current flow through both coils is 
required before the meter will operate. The resistors 
are usually carbon, which, as you know, are of non- 
inductive material, are connected in series with the coils 
and provide for different voltage ranges. Voltmeters 
are connected in parallel across the unit in which voltage 
is to be measured. The values of the indicated voltages, 
in this case, are the effective values. The internal circuit 
of this meter is shown in figure 4-31. 


Wattmeters. 


You learned during our discussion of a-c circuits that 
power in an a-c circuit is not always found by multi- 
plying voltage by amperage, as in a d-c circuit. А simple 
power computation can be made for an a-c circuit only 
when the voltage and current are in phase; that is, 
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Figure 4-32. Electrodynamometer Wattmeter 


when there is a purely resistive load. As you have 
found out, this condition seldom exists in practice. As 
in almost all a-c circuits, the load is reactive because 
of the presence of inductance and capacitance. The 
wattmeter, however, measures the true power consumed 
in a circuit by all electrical devices, regardless of the 
type ої load. 


The dynamometer wattmeter shown in figure 4-32 is a 
combination voltmeter and ammeter, and measures true 
power in watts. In the dynamometer wattmeter, there 
are two fixed coils and a movable coil. The fixed coils, 
the current-measuring element, are connected in series 
with the load. The movable coil, che voltage-measuring 
element, is connected in parallel with the load. Since 
the force acting upon the movable coil is the result of 
the magnetic fields of both the fixed and movable coils, 
the deflection of the pointer attached to the movable 
coil is proportional to the value of the voltage times 
the current. 


Wattmeters may be used to measure power consumed 
in either single-phase or three-phase circuits in which 
the load is balanced. 


The single-phase wattmeter has а high-resistance voltage 
coil of many turns of fine wire, and stationary coils, 
called current coils, of low resistance with a few turns 
of heavy wire. Connect the current coils in the line in 
series with the load and the voltage coil across the 
line. A single-phase wattmeter may be connected to 
measure the power in a three-phase circuit. To do this, 
you connect the current coil in one load line and the 
voltage coil between the line and ground. This will 
give the power in one phase. You simply multiply this 
by 3 to get the total power. 
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Figure 4-33. A-C Generator With Excitation Current Furnished 
by Rectifier 


Three-phase wattmeters consist of two or more 
single-phase movements with all the moving elements 
mounted on one shaft. Separate single-phase wattmeters 
can be used to measure power in three-phase circuits. 
In this case, add the two wattmeter readings if the 
power factor of the load (motor) is greater than 
50 percent. If the power factor is below 50 percent, 
the power inpuc to the load (motor) is the difference 
between the two readings. You can determine whether 
to add or subtract the readings by the following—if 
both of the scale pointers deflect toward the top of the 
scale, add the readings; if one tends to indicate a nega- 
tive value, reverse either the voltage or current con- 
nections and subtract the reading of one wattmeter 
from the reading of the other. 


Precautions When Using 
A-C Measuring Instruments, 


Never connect a voltmeter or ammeter іп а circuit 
carrying a higher voltage or current than the rating 
of the meter. 


Always check the rating of the meter before you use it. 
Connect an ammeter in series with the circuit. 


When using a wattmeter, always connect the voltage 
coil to the supply side of the current coil. 


A-C GENERATOR POWER SYSTEMS. 


You know that an a-c generator which generates a 
single a-c voltage is a single-phase alternator. You 
learned that such a machine has a single coil which 
rotates between two poles and more recently you learned 
that only a single voltage sine-wave is produced. 
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The practical a-c generator is а much more complicated 
machine as we explained in Chapter I. To provide 
a strong and controllable magnetic field, the perma- 
nent magnet is replaced by an electromagnet in which 
а direct current flows. This current is called the exciting 
current and is supplied by either an auxiliary d-c gen- 
erator or by rectified 4-с voltage. In the a-c system of 
the F-102A, this power is received from the d-c essential 
bus, As you know, when a rectifier is used, it changes 
а-с output into d-c current—this current being fed back 
to the generator field. Тһе voltages developed by air- 
craft a-c generators are much higher than 15 necessaty 
for this field excitation, so the input to the rectifier 
is reduced by means of a step-down transformer. In the 
Е-102А, for control functions, d-c power can be selected 
either from the 4-с essential bus or from transformer 
rectifier power, We shall cover this more completely 
further along in this chapter. 


Ап а-с generator with excitation current furnished by 
a rectifier is shown in figure 4-33. It is the rotating 
element, or member, of an a-c generator which is called 
the rotor, the stationary element, or member, the stator. 
It is such a machine which is referred to as a polyphase 
alternator system. Let's find out why a-c generators 
are referred to as “two-phase” or “three-phase” ог poly- 
phase machines. 


THE POLYPHASE GENERATOR SYSTEM. 


The simplest of polyphase systems is the two-phase a-c 
generator. If a second coil is added to our two-pole 
single-coil generator, at right angles to the first coil 
—90° apart—and if another pair of slip rings is added, 
an alternating current will be induced in each coil as 
the two pass through the magnetic field in succession. 
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Figure 4-34. Three-Phase, 400-Cycle Alternator апа 
Voltage Sine-Wave 


Now, since they do not pass through the field together, 
the peak voltage in each will be induced at different 
times. This, of course, depends upon the position of 
the magnetic field at the time. In other words, while 
one coil is directly in the field, the peak voltage is 
being induced as the other coil is entering the field. 
"This means that as the first coil is leaving, the second 
‘coil is approaching the field pole. The voltage output 
from each coil as you learned earlier is called а "phase," 
and that these two voltages always retain a very definite 
relationship. This relationship should be clear enough: 
one coil is displaced physically by 909, and as the rotor 
turns, the induced voltage first rises to its peak in the 
first coil, or first phase; and when the two coils have 
turned 90? further, che induced voltage in the second 
coil, or phase two, has reached its peak. 


And this brings us co the three-phase, 400-cycle a-c 
generator which takes 1/400 of a second to generate 
one complete cycle. This is che generator found in the 
F-102A interceptor. А generator such as this generally 
has a multi-pole rotating magnet and a multi-pole stator. 
Тһе windings аге so spaced and wound that the voltage 
generated is 120 electrical degrees apart regardless of 
the number of poles. Іп other words, as shown in 
figure 4-34, it has three sets of stator windings spaced 
equally 120 degrees apart. If che magnetic field as shown 
is rotated within the stator windings, three voltages are 
induced—one in each stator. Іс takes an a-c generator 
liké chis 1/400 of a second to generate one cycle. Ànd 
the peak voltages in each phase being 120 degrees 
гараг: makes chem 1/3 of 1/400 of a second or 1/1200 
iof a second apart. 


THE WYE CONNECTED GENERATOR. 


The three-phase a-c generator having three complete 
stator windings is actually equal to three single-phase 
alternators, the difference being that it maintains 
120-electrical degrees separation between phases, In 
order that the two separate leads for each phase, as 
shown in figure 4-35, do not interfere with each other, 
two methods of connection have been devised—the wye 
connection and the delta connection. It is the wye con- 
nection, however, іп which we are most interested at 
the moment, as this is the connection used in the 
Е-102А a-c generator. Figure 4-35 shows the two meth- 
ods of connections used in wye connected generators. 


WHAT IS LINE-TO-LINE VOLTAGE. 


The voltage between any two wires is called line-to-line 
voltage. Line-to-neutral voltage, as shown in the upper 
section of figure 4-35, simply means that the common 
connection, or neutral wire is the return wire for all 
three phases, and if the load is properly in balance— 
among all three phases—the current in this patticular 
wire is zero. In many cases, this wire is omitted entirely, 
or, as in the case of the F-102A, it is connected 
to ground. 


If 120 volts, in a wye-connected a-c generator, are 
generated in one phase, then the line-to-line voltage 
must be equal to 208 volts. How do we arrive at this? 
The line-to-line voltage — 1.73 times the line-to-neutral 
voltage; so by multiplying 

1.73 X 120 volts — 207.6 


or 
208 volts, the line-to-line voltage 
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Figure 4-35. Wye Connected Stator With Neutrals Connected Together 


TERMINAL CONNECTIONS. 


The terminal block connections of an a-¢ generator are 
essentially connected as shown in figure 4-36. The 
neutral wires T,, T,, and T, ate brought out and con- 
nected to an external ground. In the F-102A, Т,, T;, and 
T, ate connected to a common ground and T;, Т, 
and T, are connected to the “Т” terminals of the 
voltage regulator and through the а-с power disconnect 
relay to the three-phase load and then to ground. 


And speaking of load, one of the main advantages of 
a wye-connected a-c generator is that a higher voltage 
is obtained by connecting the load across two of the 
phase coils. For this reason, it is not necessary to gen- 
erate a high voltage in each phase group because the 
current through each phase group will be equal to 
the current flowing through the load. 


THE F-102A 30-KVA GENERATOR. 


Figure 4-37 shows ап exploded view of the a-c generator 
used in the F-102A, At the top of the illustration is 
the rotating member, the rotor; and across the bottom 
is the stationary member, the stator. The picture in the 
center is the generator assembled. 


In direct-current generators, the alternating current 
which is induced in the armature coils is rectified by 
the action of the commutator, In alternating-current 
generators, as alternating current is already present in 
the armature coils, the output is taken from the fixed 
stator windings by means of a rotary collector which 
does not rectify. This collector, or collectors as the 
case may be, is the slip ring. The slip rings are mounted 
оп, and insulated from, the rotating shaft. The brushes, 
which contact the slip rings, are mounted ба the sta- 
tionary member of the assembly. A-C generators have 
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a great many armature coils and each coil has one lead 
connected to one slip ring and another lead connected 
to the other ring. D.C excitation current is applied 
through the exciter stator and slip ríngs. 


The armature coils їй a-c generators develop high 
voltages while the armature rotating field carries rela- 
tively low ones. In this way, by using the stationary 
armature type construction, direct connections can be 
made to the high voltage coils and sliding contacts can 
be safely used to transfer low exciting voltage to the 
field armature rotating field. The low exciting voltage 
required for the field permits the use of less bulky field 
сої! insulation and thereby greatly reduces weight. 
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Figure 4-36. Terminal Block Connections 
of Alternator 
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Figure 4-37. The Е-102А A-C Generator 


The Generator Damper Assembly. 


Тһе damper assembly seen in the illustration bears some 
explanation. Damper windings as they are called stab- 
ilize the speed of an a-c generator. For example, very 
simply, if the speed of the generator tends to increase, 
à counter emf or voltage action takes place in these 
windings and places a load on the rotor which tends 
to slow the machine down. If the speed tends to 
decrease, another action takes place in the damper 
windings, and the speed of the rotor increases. This 
is called induction-motor action. 


INDUCTION-MOTOR ACTION. Тһе basic princi- 
ples of induction-motor action ate quite simple. А motor 
is a machine that converts electrical energy into 
mechanical energy. And when a magnetic field exists 
about any current-carrying conductor, the strength of 
this field depends upon the amount of current, 50 when 
а current-carrying conductor is placed in a magnetic 
field, a force is exerted which tends to move the con- 
ductor out of the field. If the field strength of a motor 
is reduced, the value of the counter emf, which depends 
on the strength of the flux field strength, із reduced. 
"This drop in counter emf causes greater current than 
is requited by the load, and motor speed increases. But 
lan increase in field current, increases the counter emf, 
and the armature current decreases. The result: the 


amount of current is not sufficient to maintain the load 
—the motor speed decreases. 


This particular a-c generator is typical of many alter- 
nators used on modern high performance aircraft. It 
supplies 30-kva, three-phase a-c power which is auto- 
matically maintained at +4 cycles per second. It is 
air-cooled, wye-connected, and supplies two voltages. 
For this reason, it can be referred to as an 120/208-volt 
alternating-power system. In other words it supplies 
120 volts in each phase, A, and B, and C. And if you 
remember if 120 volts are generated in one phase of 
a system such as this, then the line-to-line voltage must 
be equal to 1.73 times 120 volts or 208 volts, Ас 
6000 rpm it has a minimum lagging power factor of 
75% or 0.75. The power factor of an a-c generator was 
discussed earlier in this chapter. Also, this is a self- 
excited a-c generator using 9.5 volt DC with a current 
of 46 amperes, It weighs 95 pounds. 


А great deal has been said in this manual about weight 
— especially in comparing a-c and 4-с equipment. It 
will take only a casual glance at the a-c generator in 
the F-102A to see that it is considerably larger than 
the d-c generator. This is true; the d-c generator weighs 
only 51 pounds against the 95 pounds weight of the 
a-c generator. Remember, however, that the d-c gen- 
erator has a rated output of only 6 kilowatts while the 
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Figure 4-38. Constant-Speed Drive Unit 


TO DRAIN 
PRESSURE SWITCH 


і 


-— OVERDRIVE CONTROL 
PRESSURE 


CHARGE PRESSURE 


OVERDRIVE CONTROL PRESSURE 
UNDERDRIVE CONTROL PRESSURE 


а-с generator has an output of 30 kilowatts, ог five 
times the power of the d-c machine. A kilowatt is 
one thousand watts. 


THE F-102A A-C GENERATOR 
CONSTANT-SPEED DRIVE. 


Іп the F-102A a-c generator power system, the а-с 
generator is mounted on the rear mounting pad of the 
constant-speed drive unit. The generator is driven from 
the transmission gear assembly of this unit in a counter- 
clockwise direction, when you are facing the pad, and 
turns at а constant speed of 6000 -- 60 rpm. 


A portion of the constant-speed drive unit is shown 
schematically in figure 4-38. This is not shown іп 
Chapter III, but photographs of the unit and its installa- 
tion are shown. It is suggested that you turn to these 
pages now and review their contents. It is not felt that 
a complete explanation of the constant-speed drive 
unit's operation is within the scope of this supplement, 
but you should at least be familiar with its internal 
control units and the pressures exerted on those units. 
Its basic principles as they relate to both the d-c and 
а-с generators are discussed in Chapter III. We have 
left them for this section as they are more applicable 
to the a-c system as a whole than to the d-c system. 
The d-c generator, after all, varies with engine speed; 
the a-c generator is driven at a constant speed plus or 
minus 10%—and the unit driving it is called the 
constant-speed drive assembly. 


CONSTANT-SPEED DRIVE OVERSPEED AND 
UNDERSPEED PROTECTION, 


Аз you can see in the hydraulic circuit of this drive, 
figure 4-38, there is an overspeed trip valve which 
automatically prevents the a-c generator drive pad speed 
from exceeding 7500 rpm in the event of a malfunction 
of the normal governing unit. This governing unit has 
a flyweight governor, or the basic governor, which 
maintains the correct position of the pump wobbler 
assembly, and the limit governor assembly, which 
controls the overspeed trip valve. 


The overspeed unit trips when the output speed of the 
transmission gear assembly exceeds 7000 rpm. This 
tripping is motivated when the flyweights of the over- 
speed limit governor move apart and exert a lifting 
force which overcomes the tension of the biasing coil 
spring. When the gear box ceases to function, this 
overspeed unit resets automatically for normal operation. 


Electrically speaking, an underspeed switch closes its 
'normally open contacts when the a-c generator pad 
output speed reaches 5550 rpm or 370 cps, and opens 
these same contacts before the output drops to the 
minimum of 5250 or 350 cps. You are probably asking 
yourself at this point: Okay, but how is an electrical 
underspeed switch activated in a set-up like this? 


ELECTRICAL SYSTEM 


А good question. Let's take а look at our schematic, 
figure 4-38. 


During normal operation, the pressure switch, in the 
schematic, is in a closed position. This is due to the 
charging pressure exerted against it. This pressure is 
regulated by the stem in the limit governor. In case 
of a malfunction, the pressure bearing on the base of 
the stem quickly builds up with enough force to com- 
press the coil spring, moving the stem. This changes the 
position of the stem and in so doing closes off the 
charge pressure from the pressure switch and the base 
of the trip valve. Аг the same time, pressure is drained 
from the pressure switch through tiny ports to the fly- 
weight housing. It is in this way that the pressure 
switch 15 opened. 


Тһе electrical underspeed switch is connected to pin X2 
of the a-c power disconnect relay of the auxiliary power 
relay and to pin A2 through А5 of the same relay to 
ground. So when pressure is drained from the pressure 
switch, the overspeed switch in the electrical system is 
actuated, disconnecting the generator from the a-c 
essential bus through the action of the a-c power dis- 
connect relay. 


The output gear and its clutch assembly in the constant 
speed drive prevents the gearing to the a-c generator 
pad from being driven by the deceleration of the a-c 
generator when an automatic disconnect occurs. In the 
event of a serious a-c power overload, a shear section 
in the transmission will shear and disengage the 
hydraulic transmission coupling to the a-c generator. 
This action, however, in no way interferes with the 
normal function of the d-c generator. Further informa- 
tion regarding the constant-speed drive and complete 
schematic of the system will be found in the supplement 
entitled Power Plant Installation. 


THE F-102A A-C ELECTRICAL 
POWER SYSTEM. 


Тһе schematic diagram іп figure 4-39 shows the 
F-102A a-c electrical power system which we will 
analyze in the following pages. Аз you know, there 
are two alternating-current generators in the a-c elec- 
trical power system of the F.102A. There is one a-c 
control panel for protection against overvoltage, and 
the general control of a-c generator operation such as 
phase regulation, and the like. We will discuss the 
various. duties of this control panel when we cover the 
30-kva control system. Voltage regulation of the system 
is maintained through a magnetic amplifier, During 
normal operations, the a-c system is supplied by a 
30-kva generator rated at 120/208 volts and regulated 
through the magnetic amplifier (о 115/200 volts. It is 
a three-phase, 400-cycle generator. It is ап air-cooled 
“wye” connected unit which generates 120 volts in each 
of its phases with a 208-volt line-to-line (phase-to-phase) 
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Figure 4-39. A-C Electrical System Schematic 


178 


| 
I 
| 


voltage. Mounted on the rear pad of the constant- 
speed drive assembly, this a-c generator supplies, through 
the drive's transmission gearing, a regulated power 
through an a-c disconnect relay. The cooling system of 
the 30-kva a-c generator is shown (in figure 4-37) and 
discussed on page 174. 


For an emergency, the system is provided with a 
l-kva, 120/208-volt generator that is internally regu- 
lated to 115/200 volts. This is a three-phase, 400-cycle, 
„air-cooled generator. The a-c generator is driven by а 
hydraulic motor which is connected into the secondary 
[hydraulic system through an electrical-sensed hydraulic 
solenoid. The generator furnishes limited emergency 
power to the airplane through an a-c emergency power 
disconnect relay system. Both the 30-KVA and the 
1-KVA generators are controlled by an a-c generator 
switch and an a-c bus switch. 


"Ав you have learned, one of the reasons that alternating 
current adapts itself so easily to aircraft is the pliant 
way it can be stepped down or up to meet the demands 
of the various circuits by means of transformers, In 
the Е-102А, a step-down transformer reduces the a-c 
voltage from 115 volts to 26 volts during both normal 
and emergency operations. This 26-volt, single-phase, 
a-c power is used for certain instruments; for this 
reason, this particular transformer is commonly referred 
to as an instrument transformer. The simplified diagram 
in figure 4-40 shows the extent of the a-c power system 
in the F-102À, its three phases, and its general bus 
systems. Figure 4-41 shows the a-c system components 
in the F-102A. 


The three-phase output of the a-c generator during 
normal operation is stepped down to 115 volts by using 
phase B and C as single-phase power, through a 
wye-delta transformer. This power is used during both 
normal and emergency operations. А selector switch on 
the electrical power control panel in the cockpit controls 
the a-c voltmeter which provides voltage readings of 
each succeeding phase as ЗА, £B, ЄС, as well as the 
115 volts, ВАВ and ФАС, and the 26 volts, to ground. 


In the a-c electrical system, circuit breakers are provided 
for the protection of all circuits except the attitude 
gyro and those instruments supplied from the 26-volt 
а-с essential bus. In place of individual circuit breakers, 
phase B is connected to the primary of the instrument 
transformer through the instrument transformer circuit 
breaker with a 5-amp rating. 


For external a-c power, an a-c external power receptacle 
is located on the left-hand side of the main wheel well 
lbelow the d-c externa! power receptacle. 

| 


"Тһе operation of either the 30-kva or 1-Куа а-с gen- 
erator is controlled by the a-c generator switch and the 


ELECTRICAL SYSTEM 


a-c bus switch. Ап a-c power failure is indicated by a 
master warning system. Аз in the d.c system, a power 
failure is indicated through the master warning system 
which illuminates the master warning indicator light on 
the instrument panel itself, and the a-c power failure 
indicator on the master warning indicator panel, just 
above the d-c indication of failure. 


Before analyzing the a-c system, as energized for normal 
in-flight operations, let's review briefly the components 
which wil! function within the system under this par- 
ticular flight condition. First of all, the 30-kva control 
system must 'operate or we would have no system. This 
embraces the a-c generator itself, the voltage regulator, 
and control panel. It is assumed, of course, that the 
constant-speed drive is operating smoothly, and that 
the d-c side of the system 18 also functioning normally. 


In the power distribution system to the buses, we have 
the a-c power disconnect relay, which, when energized, 
connects the a-c power to the buses. Then, there is 
the a-c emergency power disconnect relay, through 
whose contacts normal a-c power is fed to phases A, B, 
and C of the essential bus, and which disconnects 
normal power and feeds emergency power to this bus 
if a malfunction occurs—when the 30-kva generator 
is taken off the line. The a-c power failure relay, the 
underspeed switch, and vatious circuit breakers, stand 
as guards over the system as a whole—just as the fuel 
boost pump fuses guard the fuel boost pump system. 
The step-down transformers in the system function as 
the needs of the various subsystems require them to 
function. These components then are the devices which 
channel power for flight conditions—these are the 
primary devices on which the airplane depends for 
carrying out its mission, for making it do what it 
was designed to do. 


It is a rather simple system when you analyze it, when 
you know how a component works, and why it works; 
actually with proper maintenance, with proper care and 
treatment, it is no more complicated—or temperamental 
—than the electrical system in your automobile, or the 
system which brings current for that television set, 
dishwasher, or the light you shave by. Sure, for air-borne 
electricity there are “С” conditions, stress and strain, 
and high altitudes to put up with, but leave these com- 
plications to engineering “know-how” and simply and 
efficiently do the job required of you. Electricity at times 
can certainly be temperamental—and this is expected— 
but as we have mentioned before, it is highly convey- 
able, controllable, and convertible. In the F-102A it is 
conveyed, controlled and converted, in а tailor-made 
fashion. And as we said at the beginning of Chapter П, 
"The best power and distribution system for any air- 
plane is one tailored to meet the demands of the 
particular airplane." This is the type system found іп 
the F-102A. 
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Figure 4-40. Тһе F-102A A-C Electrical Power System Diagram 
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Figure 4-41. F-102A A-C Electrical System Components 


THE F-102A 30-KVA A-C CONTROL 
SYSTEM. 


In the d-c system, if you will recall, we had a single 
control panel consisting of a carbon-pile voltage regu- 
lator and numerous relays enclosed in the covered 
portion of the panel. You were told that except for 
flight-line voltage regulation, at the rheostat, and the 
utilization of the test jacks for checking the voltage, 
you would have little to do with the control panel 
except to disconnect it from the system, in case it 
becomes inoperative, or to connect its replacement 
into the system. 


In the a-c system, not only do we have a control panel, 
but a magnetic amplifier. The magnetic amplifier does 
for the a-c system what the carbon pile does for the d-c 
system — it regulates the voltages. The a-c control panel, 


in like manner, is in the system to provide control and 
protective equipment for the 120/208-volt a-c system. 
Here again, except for checking the magnetic amplifier 
or the control panel, as a flight-line mechanic, you will 
not be called on to overhaul or service these devices. 
When you have checked through the syscem and 
found one or the other to be functioning improperly 
it will be a case of remove and exchange for one that 
you know has been serviced and tested and is known 
to be in proper working order. 


It is important, however, that you understand their 
function in the system to understand and have complete 
knowledge of the a-c system, just as it was important 
to understand the function of the d-c control panel 
in the d-c power system. For that reason, we will take 
up their function in the system in the same order that 
we discussed the carbon pile and the enclosed relays 
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Figure 4-42. The 30-KVA A-C Control System 


in the d-c control panel—the voltage regulator and then 
the control panel. The a-c generator and its companion 
units are shown in figure 4-42. 


PROTECTION. 


High performance airplanes demand the ultimate in 
electrical supply and control systems. The a-c generator, 
the voltage regulator, and the control panel found in 
the Е-102А may be described as a tailor-made system 
for the high performance demands of this intetceptor. 
But these precision-made control and protective devices 
would be worth very little to the overall system if it 
were not for the other relays and circuit breakers also 
found in the system, These relays and circuit breakers 
were thoroughly discussed in Chapter II. It is in the a-c 
system that the 12 fuses used in the F-102A are found, 
These are utilized for protection in the fuel boost pump 
circuits which are discussed in another supplement of 
this series, Airframe Fuel System. 


Alternating-current power systems in aircraft were огір- 
inally thought of as the juvenile delinquent of elec- 
trical power systems, The reason it was occasionally 
referred to in this manner is clearly shown by the 
seemingly endless array of prorecting and controlling 
devices found in an a-c system, from the very source 
of power and on up to the essential and non- 
essential buses. 


Some examples of what might be called the "silent 
sentinels" of an a-c electrical system have already been 
covered. You have learned how the constant-speed 
drive prevents the a-c generator drive speed from 
exceeding 7500 rpm. How the overspeed unit trips 
when the output speed of the transmission gear exceeds 
7000 rpm; and how the pressure switch controls the 
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electrical underspeed switch which in turn disconnects 
the a-c generator from the a-c essential bus, And how 
in the event of a serious power overload, the shear 
section in the transmission shears and disengages the 
а-с generator from the system completely. And then 
there are the damper windings in the rotor shaft, which 
help to regulate or stabilize the speed of the a-c gen- 
erator. It takes all these devices, including the regula- 
tion and control of the voltage and current developed 
by the a-c generator, and the other relays and circuit 
breakers throughout the system, to insure the safety 
and protection needed by the a-c generator, and all the 
other components of an a-c electrical system. 


SIMPLICITY AND SAFETY. 


These protecting and controlling devices have been 
the result of the difficulties encountered due to the 
comparatively recent development of a-c load demands. 
Lets face it. From an engineering standpoint, the 
complexities of a-c power systems in aircraft are many. 
It should be unnecessary to tell you, a flight-line 
mechanic, that conditions are far different in supplying 
electrical power for television sets and washing machines 
than for aircraft. The lives of the people in a com- 
munity do not depend completely upon an electrical 
power system as is the case when dealing with aircraft. 
This places à very special premium on the safe and 
the effective operation of aircraft electrical control and 
protective devices, Thanks to engineering "know-how" 
and the rigid specifications laid down by your Air Force, 
the reliability and safety factors governing an alter- 
nating current system have, with proper and efficient 
maintenance, become fully as good as those used in d.c 
systems—in some cases much better. 


Simplicity and safety are desirable not only from 
an operating and maintenance standpoint. Simplicity 
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enables you as а crew тегрег to understand the overall 
operation of the а-с system—or апу system—in a shorter 
period of time, and reduces that very important factor 
—the possibility of "human error" while operating or 
trouble shooting the system. The reduction of main- 
tenance time increases the available flying time. For 
this reason, it is important that the number and the 
types of protective devices be kept to a minimum, 
consistent with the desired reliability of the system. 
'So, when you hear people talking about the safety and 
the reliability of an airplane's electrical system—they 
are talking indirectly about you. Safety and reliability 
mean simplicity of understanding and therefore more 
efficient maintenance. 


There is nothing complex or mysterious about the a-c 
system in the Е-102А. In looking аг the overall sche- 
matic diagram, it might look rather complicated but 
if the voltage regulator and control panel were taken 
completely out of the system it would be quite as 
simple as the d-c system; that is, as long as you recog- 
nize that it is d-c electricity which actuates the various 
relays and excites the generator field and that it is 
a-c electricity which actually energizes the system. 


Let's start by finding out why the voltage regulator 
is in the system and what it does in the system—and 
why it is called a magnetic amiplifier. As а flight-line 
maintenance man, it is only necessary that you under- 
stand why it is in the a-c electrical system and what 
it does in the system. The following explanation is 
simply to bring out in the open what this particular 
"black Box” consists of and how it works. If а malfunc- 
tion is traced to it, you will replace it. 


THE MAGNETIC AMPLIFIER AND THE F-102A, 


The magnetic amplifier is what is known as a static 
device—there are no moving parts, And since there are 
то moving parts, it is not subject to mechanical wear 
and should have long life expectancy. 


In figure 4-43, which shows the magnetic amplifier 
used on early F-102A airplanes, the magnetic amplifier 
as a unit has а mesh screen type housing for cooling 
purposes. The terminal board has fourteen terminal 
connections, twelve of which are used. At the top of 
the board, and inset as shown in figure 4-48, is the a-c 
voltage adjustment. This adjustment is made by loosen- 
ing the locking nut on the voltage regulating adjusting 
screw and turning the adjustment screw until the volt- 
meter reads 115 volts. This is a simple operation and 
is covered more specifically in the Т.О. 1F-102A-2-10. 


The magnetic amplifier goes back quite far in electrical 
history, when they were more commonly known as a 
type of iron-core reactor. These reactors were, and still 
are, used for theater dimmers, to reduce the voltages 
in spotlights, footlights and the like, in filters for 
smoothing rectified alternating current, and in selective 
filters for communications and power-refay circuits. 
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But, until the last few years, their application to air- 
craft was limited because of unsatisfactory performance 
under certain environniental conditions. Recent improve- 
ment, however, in dry-disc rectifiers, which we have 
already discussed, and certain new magnetic materials 
have increased the efficiency and sensitivity of this par- 
ticular type of reactor. Іп the Е-102А, with its improve- 
ments and additions, the reactor, today more commonly 
known as a magnetic amplifier, is referred to as the 
voltage regulator. The block diagram in figure 4-44, of 
a regulator circuit is typical of the average regulator 
circuits. The current transformers act as excitation 
boostets during overload. 


HOW THE VOLTAGE REGULATOR WORKS. 


The voltage regulator, through its control circuits and 
its output to the exciter shunt field, maintains a constant 
generator voltage. It senses the a-c generator output 
voltage through the voltage sensing circuit and controls 
the proper amount of d-c current which is supplied 
to the exciter field in order to maintain the correct 
output voltage at the generator terminals. In the F-102A, 
the regulator maintains the a-c generator output voltage 
within +2.5% of the rated line voltage. 


When the voltage is adjusted through the voltage 
control rheostat, it directly controls the current supplied 
to the shunt field of the generator's exciter. The control 
of the exciter current controls not only the a-c input but 
also its output voltage. 


Two-Stage Amplification, 


The diagram in figure 4-45 shows the internal circuitry 
of the voltage regulator in the F-102A. As you can see, 
the regulator is divided into two stages; therefore, it 


,can also be called a two-stage magnetic amplifier. 


The sensing circuit, which you see in the first stage, 
supplies a signal proportional (in quantity) to the 
average of the three line-to-line a-c voltages, to the 
direct-current control winding. This signal, in other 
words, is taken from all three a-c line-to-line voltages, 
rectified, and compared magnetically to the first-stage 
amplifier, with an added constant signal from the 
voltage reference. The value which results from these 
two signals acts on the first-stage magnetic amplifier 
and controls the level of the first-stage output. 


It is the output from the first stage which is fed into 
the second-stage d-c control winding. This output is a 
d-c control current which is biased to a proper operating 
level through a full-wave rectifier designated in figure 
4-45 as the bias supply. Actually this is a bias signal, 
which acts similarly to the constant reference signal 
used in the first stage. The difference is that it is vari- 
able at this stage because it is proportional to the a-c 
line voltage. It is the magnetic result of the full-wave 
rectifier and the first stage output signal which controls 
the output of the second-stage magnetic amplifier. 
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Figure 4-43. The A-C Voltage Regulator 


The second stage of this regulator is the power stage 
and, together with rectified d-c power from the control 
panel supplies d-c current to the shunt field of the 
exciter. It has been mentioned before that it is the 
amount of this sensed excitation which controls the 
output level of the a-c generator. 


THE CLOSED LOOP SYSTEM. То maintain the 
stability of this unit and the system as a whole, the 
feedback network, as shown in figure 4-45, takes any 
rate of change signal from the exciter output voltage, 
and feeds it into the rheostat control winding of the 
first stage. This signal is in such a direction as to oppose 
any change which might occur due to a transient volt- 
age in the a-c line voltage. Because of this feedback 
network, the magamp is sometimes referred to as a 
negative feedback.closed loop system. 


184 


THE STARTING RELAY. The relay shown in the 
upper right-hand corner of figure 4-45 is what is known 
as a starting or start relay. Ás you know, to obtain 
output power for the exciter field from the voltage 
regulator, a-c generator voltage is required as input 
power to the voltage regulator. À starting relay is used 
to permit generator buildup without voltage regulation. 
For this reason, the contacts of the starting relay are 
shown normally closed—normally closed simply means 
that this is connected from the А-- terminal to БІ, 
through the field flashing network and generator con- 
trol relay of the control panel. Connected in this way, 
it allows the generator exciter to use self-excitation to 
build up the a-c generator voltage so that power is 
available for use by the static regulator. When the a-c 
generator builds itself to a predetermined voltage level, 
the contacts of the start relay open. This disconnects 
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Figure 4-44. Block Diagram of A-C Voltage Regulator 


the exciter shunt field and the field flashing network 
in the control panel: The exciter field current is then 
furnished solely from the output of the second stage or 
power stage of the regulator during normal operation. 


Current Transformers in the 
Voltage Control System, 


The current transformers, one located on each phase, 
are used to boost the regulator output during overload 
and short circuit conditions. See figure 4-46. Since 
rated voltage output of the generator is required under 
all conditions, including that of overload, the boost 
current transformers increase the regulator maximum 
output limit by increasing the voltage supply to the 
second-stage magnetic amplifier output circuit. When 
the system is operating at rated voltage, the regulator, 
as you have been told, controls the excitation of the 
exciter field as required. This is to maintain the system's 
voltage at a constant level, The current transformers 
are used only to extend the maximum output limit of 
the regulator. 


During three-phase short-circuit conditions, the voltage 
drops to a low value which is beyond the control of 
the voltage regulator. W/hen this occurs, there is 
no control of tbe а-с system except by tbe current 


' transformers, which have been designed to supply the 


rated short-circuit current. Three-phase short circuits 
are primarily controlled by the design of the current 
transformer and the generator. The voltage developed 
across the transformers during three-phase short circuits 
maintains voltage on the start relay coils, so that the 
contacts remain open when the line voltage drops to 
a low value. 


The current transformers in the Е-102А system are 
located on brackets adjacent to the a-c generator a 
little behind the constant-speed drive unit. As you can 
see in figure 4-47 these transformers are of the simple 
ring-type construction, and look somewhat like three 
doughnuts in search of a cup of coffee. The primary 
coil, as in all transformers, receives the electrical energy 
whose current is to be transformed, The secondary coil 
is the sensing coil and is wound into a ring around 
the iron core. During the operation of the system, 
current flowing through the particular phase lead sets 
up a magnetic field in the core, It is this field which sets 
up à current in the secondary winding which is used 
as the sensing current in the operation of our various 
protective relays. 


The three output a-c generator phase leads, T,, Т», Ту, 
are fed through the rings at the time of installation— 
phase А through one, phase B through another, and 
phase C through the other. Now, because there are no 
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Figure 4-46. Current Transformers іп Voltage Control System 


terminals for the primary windings in this particular 
transformer, it і5 most important that the sides labeled 
H, and H, as shown in figure 4-47 be correctly located 
with respect to the direction of current flow in the 
generator leads. ТЕ there is any question in your mind 


concerning this statement, you are referred to Chapter I. 
The current transformers in this manner furnish the 
voltage regulator with a reduced voltage, or signal if 
you prefer, proportional to the output voltage of the 
a-c generator. In other words it is the combined effort 
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Figure 4-47. Current Transformers 
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of the output from these external boost transformers 
and the second-stage, or power-stage, amplifier which is 
supplied to the shunt field of the exciter, This is 
achieved, as a-c generated. voltages deviate from their 
rated values, through the "error signal" to the first stage 
which is amplified, causing the power stage to adjust 
the exciter shunt current and thereby restore the rated 
line voltages. 


MAINTENANCE AND THE VOLTAGE REGULATOR. 


With the exception of the small spst relay switch, with 
normally closed contacts, which we have called the 
start relay, the voltage regulator has no moving parts. 
And since there are no moving parts subject to mechan- 
ical wear, maintenance is simply a matter of розе 
flight and periodic inspection for security, damage, 
and cleanliness. 


This does not mean that the voltage regulator is fool- 
proof, or that the regulator can be checked off hap- 
hazardly. To the contrary, special care should be taken 
in checking its connections for corrosion and tightness 
and for a generally clean condition. 


Тһе terminal board is shown іп figure 4-48, along with 
the wires as they are connected to it. 


Тһе statement has been made that the voltage regulator 
is ot foolproof. This is perfectly true, just as it is 
true of any component found in the airplane. And when 
you have found, by checking the circuit, that it is the 
regulator which is not functioning correctly (perhaps 
you have found a fluctuating bus voltage or the a-c 
failure warning light fails to go out, but that normal 
voltage is indicated at terminals T,, Т», апа T, on the 
а-с generator) you simply replace the unit. On the other 
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hand, if the indicated voltage is too high or too low, 
our magamp regulator is out of adjustment. This means 
you must readjust the voltage at the regulator rheo- 
stat. Here again, however, if it fails to adjust, and the 
circuit has been thoroughly checked, as described in 
Т.О. 1Е-102А-2-10, or as suggested under our trouble 
shooting section in Chapter III, replace the regulator 


Complete operational check-outs of the a-c electrical 
power system will be found in the maintenance instruc- 
tion handbook, previously referred to in this supple- 
ment, Т.О. 1Е-102А-2-10. 


The explanation of the operation of and maintenance 
problems encountered in the voltage regulator has been 
necessarily brief. When the a-c power system is analyzed, 
there will be further references to it which should 
round out your present knowledge. Also, if you have 
applied your present knowledge of electricity, of mag- 
netic principles, of transformers, of rectifiers to the 
above explanation, you should have no trouble in 
understanding the function of the a-c voltage regulator 
as it is applied to the F-102A a-c power system. And 
for that matter, any magamp regulator which you might 
be faced with—yes, even if voltage reference tubes and 
"high or low phase voltage" have been incorporated. 
And on later models of the Е-102А, electronic tubes 
will be found within the voltage regulator circuitry. 


THE F-102A A-C CONTROL PANEL. 


The a-c control panel is located in the nose wheel well, 
opposite to, and little forward of the 4-с control panel 
on the left of the well. The a-c control panel in the 
F-102A is shown in figure 4-49. The purpose of this 
panel is со provide complete control and protection 
to the 115/200-volt, three-phase a-c electrical power 
System. This means that after the 120/208-volt, 
three-phase system has been regulated to the prescribed 
115 volts at the voltage regulator, the system will 
become a wye-connected system, with 115 volts gen- 
erated in a single phase instead of the rated 120 volts. 
Therefore if the line-to-neutral voltage is 115 volts, 
the line-to-line voltage must be 1.73 times 115 or 
approximately 200 volts. This is based on the generator's 
frequency range of 320 to 1200 cycles (wide-speed 
range) or 380 to 420, regulated 400, 54 cycles, per 
second. 


The entire control panel is enclosed. Contained within 
its black-box construction is а full-wave three-phase 
transformer rectifier system for sensing overvoltage, 
overvoltage relay, a trip-free overvoltage lockout relay, 
а latch-type generator control relay with its trip coil, 
and a power selector rectifier, which selects either 28-volt 
d-c power from the d-c essential bus, or rectified 4-с 
power for control functions and which acts as a block- 
ing rectifier in case of a power failure, The relays are 
energized by 4-с power. Fundamentally there is very 


за ВЧИНЕНО КРИ eS 


little difference in the theory behind the relays — ог the 
construction — contained in this panel and those found 
in the 4-с control panel that we covered in Chapter II 
А schematic wiring diagram of this unit is shown in fig- 
ure 4-50. The terminal connection drawing shown in 
figure 4-51 is to help you to follow more clearly the 
explanation of this panel. Let's talk about the Generator 
Contro! Relay first. 


Generator Control Relay. 


Іс is this relay which controls the a-c generator. Control 
is granted through its contacts which are in series with 
the generator field windings. Perhaps the easiest way 
to trace this out is to start with the low side of the 
shunt coil, F. The generator control relay, as you can 
see, is of the latch type with a reset (close) coil and a 
trip (open) coil. The mechanical operation of control 
relays, are described in Chapter II. The latch-type relay 
stays in position if d-c control power is lost. 


This d-c power is provided by d-c ground return power 
and 4-с power through terminal 4 of the master switch. 
By staying in its normally closed position the latch-type 
relay prevents simultaneous loss of a-c power. Also, in 
this way, it has a greater interrupting capacity, if 
required, to open the large field currents and voltages 
encountered during fault conditions. Usually a number 
of auxiliary contacts which are used for interlocking 
purposes are also controlled by this relay. Аз you can 
see in figure 4-51, these contacts in this case are desig- 
nated as a trip-free lockout relay which controls the 
field flashing circuit. 


Most generator control relays are electrically and 
mechanically trip-free. Another term which is used is 
anti-cycling. This simply means that if the reset coil is 
energized continuously, and if a signal is applied to the 
trip coil, the relay will trip and stay in this position. 
Without this anti-cycling or trip-free feature, the relay 
would cycle back and forth—from open to close, open 
to close—until some part of the system went completely 
on the fritz, in which case the airplane would be in 
real trouble. A good example of a signal being applied 
to the trip coil is in the F-102A a-c system. 


You have been told that this particular control panel 
senses line-to-line voltages of all three-phases, through 
the three-phase, full-wave transformer rectifier. In 
figure 4-50, we have designated this as the rectifying 
system for overvoltage sensing. Should any one of the 
phases reach a sustained line-to-neutral (115-volts nor- 
mal) of approximately 135 volts, the overvoltage relay 
coil will be energized and the generator control relay 
will trip. 


То sum up, the generator control relay is absolutely 
essential to every type of aircraft electrical power sys- 


ELECTRICAL SYSTEM 


Figure 4-49. Е-102А Control Panel 


tem. When we discussed the d-c system, we called it 
out as the field relay—it controlled the generator field 
in this system. In the a-c system, it controls the excita- 
tion of the a-c generator and is therefore connected to 
trip whenever a generator or voltage regulator fault 
should occur. 


Field Flashing the A-C Generator. 


To review briefly this important phase in your electrical 
knowledge, field flashing circuits in self-excited a-c 
generators are used to insure generator build-up when 
the field circuit is closed. This portion of the system 
is discussed under the voltage regulator—the start relay 
if you remember, controls this build-up process. Under 
normal conditions, enough residual magnetism is present 
in the field of the generator to allow voltage build-up. 
If this is the case, no problem exists. There are, how- 
ever, several and very possible conditions which can 
prevent build-up. For example, in a generator not used 
for a long time, or in a replacement, or in a generator 
which has undergone a shock of some kind, the neces- 
sary residual magnetism will, in al! probability, not 
be present in sufficient strength. Also, environmental 
conditions, including aviation-fuel vapors, can and do 
cause film to form on commutators or on the slip rings 
and thus prevent build-up. So, field-flashing voltages 
must be sufficient to overcome all or any of these 
conditions. 
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Figure 4-50. Schematic Wiring Diagram of the A-C Control Panel 
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EXTERNAL COMPONENTS 
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Figure 4-51. Control Panel Connection Diagram 


The field flashing circuit you see in figure 4-50, which 
is represented by the broken lines, you might say, is 
held constant by the starting relay in the voltage regu- 
lator. The circuit itself is connected from the 28-volt 
d-c voltage supply through terminal 2 and 28 of the 
control panel. From here, it travels through the field 
flash resistor, the contacts of the lockout relay to 
terminal 1 of the panel and then to the F connection 
of the exciter shunt field. The mechanical resetting 
action of the a-c generator switch means that field flash- 
ing is accomplished every time the generator relay 
resets. The 28-volt 4-с which flows assures exciter 
field build-up. 


The Overvoltage Relay. 


Here again, just as in the d.c system, we have an 
overvoltage relay with an inverse-time characteristic. 
You must remember, however, that we are now dealing 
with a-c voltage, so, even if the mechanical action and 
basic theory behind this relay аге the same, there аге 
differences. This relay is perhaps the most essential of 
all relays in any aircraft power system, because, as in 
the case of an a-c system, it not only smooths the 
ruffled features of an over-excited generator but also 
protects the connected loads and the power system as a 
whole from serious damage. Let's study this relay as it 
pertains to the a-c system of the F-102A. 


HOW THE OVERVOLTAGE RELAY WORKS IN 
THE A-C SYSTEM. Аз you know, loads connected 
to the a-c generator are designed to operate at a certain 
maximum voltage and a minimum frequency. In the 
Е-102А a-c control panel, the overvoltage relay protects 
these loads from sustained high voltages but allows 
normal transient overvoltages to pass. Any damages 
occurring from voltages higher than normal are mostly 
due to the effect of heat in the relay coils—this, of 
course, is directly attributed to the voltage involved and 
time: the higher the voltage, the less time the com- 
ponents in the system can withstand it. For this reason, 
just as it is in the d.c system, the a-c overvoltage 
relay must have an inverse-time characteristic. 


As we have mentioned, the overvoltage relay senses 
the average value of the three-phase voltage. This is 
obtained by rectifying and thereby obtaining а d-c 
voltage. 


The three 1200-ohm resistors which you see in 
figure 4-50 are known as dropping resistors and are 
actual electrical sensing devices used to sense the output 
voltage of the a-c generator and indirectly operate the 
overvoltage relay. With this type sensing, a simple-phase 
line-to-ground fault will not operate the relay, for 
when a fault of this kind arises, it will cause at least 
one of the other two-phase voltages ro rise also. If the 
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relay sensed only one-phase voltage, it would operate on 
a single-phase fault and not allow the fault to clear itself. 


It is the inverse-time characteristic of the overvoltage 
relay which protects the system from nuisance trips. 


In the case of a sustained overvoltage of 135 volts or 
above, the overvoltage relay will operate in approxi- 
mately 1 second; at 200 volts approximately .2 seconds; 
and at 300 volts, the operating time of the inverse-time 
characteristics will be 0.05 seconds, with the overvoltage 
lockout relay disconnected, 


THE OVERVOLTAGE LOCKOUT RELAY. Ап over- 
voltage lockout relay, as shown in figute 4-50 is used 
when it is necessary to override voltage transients 
which occur on generator build-up. In a single a-c 
generator system with a wide speed range, as used in 
the F-102A, these transient voltages can be extremely 
high at the upper end of the speed range. The funda- 
mental theory behind this relay is simply that the 
ordinary overvoltage relay will trip under these tran- 
sients, It із for this reason that the lockout relay is 
incorporated into the system, to provide an extra time 
delay when certain high transient voltages occur during 
build-up or load switching. This tripping is known 
as nuisance tripping. 


To overcome this, the overvoltage lockout relay coil is 
connected in series with a capacitor, so that under steady 
voltage conditions, the lockout coil will have no current. 
But under high transient voltage, current will flow 
through the coil. And when this current is of such a 
magnitude, the surge of emf causing it will trip the 
overvoltage relay, opening the contacts of the over- 
voltage lockout relay and thereby opening the circuit 
to the generator control relay coil. Їп other words, 
this extra time delay is energized from a generator 
control relay which holds the overvoltage relay circuit 
open for a small fraction of a second to override this 
transient voltage. Once the system is in operation, the 
overvoltage lockout relay has no effect on the operation 
of the overvoltage relay. 


The instant the voltage returns to a steady stage, the 
overvoltage relay closes and the overvoltage relay 
coil is reconnected. If this steady voltage condition 
is high, the overvoltage relay will disconnect the gen- 
erator from the system through the external a-c power 
disconnect relay. 


The Power Selector Rectifier. 


In order that the a-c system be independent of the d.c 
system during normal operation, the transformer recti- 
fier supplies sufficient 4-с power to operate the a-c 
power disconnect relay and the relays we have just 
covered. The power selector rectifier acts in the capacity 
of a blocking rectifier, and through its blocking action 
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selects either 28 volts from the d-c essential bus, chan- 
neled through terminal 18 of the control panel, or 
rectified d-c power for performing these control func- 
tions. In other words, during normal operation of the 
a-c generator, the transformer rectifier system is the 
source of d-c power, but it is the d-c essential bus which 
is the power source for reset action and field flashing. 


You and the A-C Control Panel. 


As in the case of the voltage regulator, when the 
control panel is found inoperable or erratic in its 
operation, the panel will be removed and replaced. 
And keep in mind that this unit contains a number of 
mechanically-activated electrical devices which are sub- 
ject to wear. Remember, also, that the control panel is 
a precision instrument and is sensitive to rough hand- 
ling. It is likewise an instrument of proven reliability. 
If the proper precautions are taken, if you perform 
your inspections for its security and cleanliness, and 
if you treat it with the respect due it—as one of the 
most important electrical components in the airplane 
—it should give long and efficient service. So much 
for the 30-kva control system of the F-102A. 


THE F-102A A-C POWER SYSTEM 
ANALYSIS. 


This supplement, as you know, is essentially a supple- 
ment which concerns the a-c and d-c electrical power 
systems from their sources of power to the essential and 
non-essential bus systems as used in the airplane. We 
are now ready to distribute this controlled power to the 
bus systems. 


In the following discussion, we will start with the switch 
gear which motivates this distribution. When these have 
been wired into the system, you will learn those addi- 
tional relays and electrical devices which make up the 
115/200-volt a-c electrical power system. A location 
diagram of the various a-c components found in the 
system is shown on figure 4-41, and an а-с schematic 
wiring diagram on figure 4-40. These diagrams will be 
used throughout this discussion, 


THE A-C ELECTRICAL POWER PANEL. 


The a-c electrical power panel is shown in figure 4-52. 
It consists of the a-c generator switch, the a-c bus switch, 
and the a-c selector switch. Above the a-c portion of 
the electrical-power panel, and to the right of the warn- 
ing light panel, is the a-c voltmeter which will be dis- 
cussed in conjunction with the a-c selector switch. It 
might be well to remind you that when amy switcb is 
positioned to the "on" position, current flows, and, with 
few exceptions, when a relay coil is energized and the 
relay contacts close in a circuit, current flows. So, in the 
following explanation of the wiring pattern, keep in 
mind that when terminal such and such, is connected 
through a cable to another such and such terminal, this 
is the trail taken by our electrons. 
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Figure 4-52. Electrical Power Panel 


Тһе A-C Generator Switch Wired Into the System. 


"The a-c generator switch is a dpdt, momentary on-off 
switch. The simplified wiring schematic, figure 4-53, 
shows this switch as well as the a-c bus switch as they 
are wired into the system. 


In the reset position, contacts 1 and 2 connect the d-c 
essential bus momentarily to terminal 28 of the a-c con- 
trol panel, This, as you have been told, sends d-c voltage 
мо the control panel for flashing the field of the а-с 
generator. When the switch is pushed to the ON posi- 
tion, contacts 2 and 3 connect фе d.c essential bus to 
contact 2 of the a-c bus switch. Contacts 5 and 6 of the 
generator switch are connected to terminal 11 of the 
panel and to contact 5 of the bus switch, which through 
terminal 4 is wired to pin X1 of the a-c disconnect relay. 
X2 of this relay is attached to ground through the 
underspeed switch of the constant-speed drive. 


The A-C Bus Switch. 


This switch, as you can see in the illustration, is to the 
right of the a-c generator switch. It is designated as а 
: dpdt and is shown in the closed or normal position. 


The duty of this switch in the systém is to connect the 
| transformer rectifier output to the a-c power disconnect 
relay when it is іп its normally closed position. When 
it is activated ro the emergency position, it connects the 


d-c essential bus in parallel to the emergency, a-c gen 
erator hydraulic solenoid, and to pin X1 of the a-c emer- 
Bency power disconnect relay. Pin X2 of this relay is 
connected to ground. The a-c emergency system and its 
components will be discussed latér on in this chapter; 
but for the time being, when the a-c bus switch is in 
the normal position, contacts 4 and 5 connect terminal 
11 of the a-c control to terminal X1 of the disconnect 
relay, providing the generator switch is in the ON 
position. 


In the EMER position, contacts 2 and 3 of the a-c bus 
switch connect the d-c essential bus in parallel to ter- 
minal А of the emergency generator hydraulic solenoid, 
and, as we have said, to pin X1 of the a-c emergency 
disconnect relay; that is, if the a-c generator switch is 
in the ON position. It might be well to remember at 
this point that in tracing through circuits, it is always 
well to find the ground connection and to start from 
there. Pin X2 of the a-c emergency disconnect relay, 
for example, is connected to ground, as is terminal B 
of the a-c emergency generator hydraulic solenoids. 


The A-C Selector Switch and Voltmeter. 


The schematic diagram in figure 4-54 shows the a-c voit- 
meter and a selector switch connected into the power 
system. These two components are provided as a means 
of checking all a-c voltages. 
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Figure 4-53. A-C Electrical System Schematic 
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Figure 4-54. Selector Switch and A-C Voltmeter 


For example, placing the selector knob in any of the 
phase positions pA, ФВ, or ФС, connects the meter first 
cross Phase А, then Phase В, and finally Phase C to 
‘ground, The correct reading in any of these phases 
should be 115 volts. If it is not, the system must be 
checked. Perhaps it is too high?—or too low? This 
would, of course, mean the voltage regulator is out of 
adjustment; or you may find the bus voltage fluctuating. 
This condition, too, would mean a complete check- 
through of the circuits; either the current transformers 
are not functioning, the voltage regulator is out of 
whack, or there may be a defect in the generator. At any 
rate, something is wrong; and whenever a malfunction 
of this sort occurs, the entire system must be checked. 


By placing the selector knob in the 26-volt position, you 
connect the a-c voltmeter between the 26-volt output of 
the instrument transformer and ground. The voltmeter 
is connected directly to the 26-volt, 400-cycle, single- 
phase essential bus. The instrument transformer is con- 
nected through a 5-ampere circuit breaker to phase B 
гої the 115/200-volt, 3-phase, 400-cps, a-c essential bus. 
The meter reading in this position should indicate 
26 volts. If there is no voltage indication, then your 
instrument transformer has probably been shorted out, 
jor the instrument transformer's circuit breaker has 
tripped. This circuit breaker is found in the nose wheel 
well circuit breaker panel. 


А further check on the a-c voltage is provided at posi- 
tions фАВ and фАС. When we checked the voltage 
across phase A, B, or C to ground, this was an indícation 
of the voltage at the input to the wye and delta trans- 
former, Positions AB and AC on the voltmeter are pro- 
vided to check these voltages, to ground, on the output 
side of this same wye-delta transformer. Both the instru- 
ment and wye-delta transformer as they are hooked into 
this system will be discussed after certain relays have 
been wired into the system. Transformers—their wind- 
ings, their theory of operation—are given a brief dis- 
cussion earlier in this supplement. Voltages, of course, 
are checked when the system is energized. 


A-C POWER DISCONNECT RELAY. 


Тһе а-с power disconnect relay is designated as dpst 
(triple break) relay. If you will turn back to the loca- 
tion diagram of a-c electrical components, figure 4-41, 
you will find this relay is bracket-mounted to the rear 
of the constant-speed drive assembly. Its duty in the 
system is to connect the a-c generator to, and to dis- 
connect it from, the a-c buses. A glance at the wiring 
diagram will show you that terminal ХІ of its coil is 
connected to terminal 4 of the a-c bus switch; terminal 
X2 of the coil is connected to ground through the nor- 
mally closed contacts of the constant speed underspeed 
switch and contacts A2 and A3 of the auxiliary external 
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power relay which during in-flight operations is 
de-energized. А2, as you can see, is grounded. The other 
connecting wiring is plain enough and should not 
require explanation. 


The a-c external power relay is de-energized during пог- 
mal in-flight operations. Its contacts are open, and a-c 
power is distributed to phase А, B, and C of the 
115/200-volt, 3-phase, 400-cycle, a-c non-essential bus, 
and to phase A, B, and C of the essential bus. The 
a-c emergency power disconnect relay is utilized for 
this distribution. 


THE CONSTANT-SPEED DRIVE 
UNDERSPEED SWITCH. 


When discussing the constant-speed drive and its rela- 
tionship to the a-c power system, the action of this 
switch in the system was explained. It is felt, however, 
that a further word concerning it is necessary—before 
we discuss the a-c system energized for normal in-flight 
operations—in its relationship to the other components 
in the system. 


As you know, this switch is located at the constant-speed 
drive unit on the transmission gear housing, and is cen- 
trifugally actuated through the action of charge pressure 
Írom the limit governor in the drive unit. Terminal B 
of this switch is connected in parallel to terminal АЗ 
of the auxiliary external power relay which, in turn, is 
wired into the generator test receptacle at terminal А. 
You will learn further of these two components when 
external power is discussed. If you will glance at the 
Schematic diagram of the system, figure 4-40, you. will 
see that terminal А of the underspeed switch is tied to 
X2 connection of the a-c power disconnect relay. 


Contacts А and B (C is not used) of the underspeed 
switch are normally open until the constant-speed drive 
unit obtains a speed slightly under 5550 rpm, which is 
370 cps; at this time, the contacts close and remain 
closed at speeds up to 6000 rpm +60, ог 400 cps. On 
shut-down, the contacts will open just before the gen- 
erator speed reduces to 5250 rpm, or 350 cps. 


THE A-C EMERGENCY POWER 
DISCONNECT RELAY. 


This relay is a dpdt, single-break relay switch. And in 
the de-energized position, that is, during normal in-flight 
conditions, its contacts carry the necessary а-с power 
to the essential bus. If you will trace this power in the 
wiring diagram, figure 4-40, you will find that when 
an emergency arises, the solenoid coil of the emergency 
disconnect relay pulls the contacts into their emergency 
position, disconnecting the non-essential bus and allow- 
ing a-c power from the 1-kva emergency generator to 
feed che essential bus. In other words, whenever it is 
energized, this relay is exactly what its name implies. 
It disconnects the a-c generator from, and connects the 
a-c emergency generator to, phases A, B, and C of the 
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a-c essential bus. Terminal X1 of the coil is connected 
in parallel to terminal A of the emergency generator 
and to terminal 3 of the a-c bus switch, which is the 
emergency contact. Terminal X2, as you can see, is 
grounded. The a-c power leads of the emergency genera- 
tor, T1, T2, and T3 are connected to this relay at con- 
tacts C1, ВІ, and ЛІ. 


THE A-C POWER FAILURE RELAY. 


This relay is а spdt, single-break, relay switch and is 
located forward of the cockpit instrument panel close 
by the master warning relay box. The relay is present 
in the system to connect the d-c essential bus to, and to 
disconnect it from, the master warning system. Тегті- 
nal X1 of the coil is grounded; X2 is connected to 
phase C of the 115/200-volt non-essential bus through 
the a-c power failure warning circuit breaker. This cir- 
cuit breaker is located in the right-hand aft circuit 
breaker panel in the cockpit of the airplane. Contact À3 
of this relay is connected to the d-c essential bus through 
the 28-volt d-c power warning circuit breaker. Contact 
А2 connects with terminal К of the master warning 
relay box. A2 and A3 are in contact when the a-c power 
failure relay is de-energized. 


THE WYE-TO-DELTA TRANSFORMER 
WIRED INTO CIRCUIT. 


Тһе wye-to-delta 115/200-volt transformer is located in 
the left-hand side of the nose wheel well. The trans- 
former steps down the 115/200-volt, 3-phase, 400-cycle 
a-c generator output of both the 30-kva and 1-kva 
machines to a regulated 115-volt, 2-phase output in 
phases B and C on the 115-volt essential bus. The high 
side of this particular transformer is wye-connected, with 
the coils connected from line-to-line. The low side of 
the transformer is connected in a delta configuration 
with a two-wire ground system. Phase А is grounded. 
(The basic principles behind step-down and step-up 
transformers are discussed оп pages 164 and 165; refer 
to this material if you do not understand the above 
discussion.) 


THE INSTRUMENT TRANSFORMER 
WIRED INTO CIRCUIT. 


The 115-volt to 26-volt, 400-cycle, step-down trans- 
former, is located іп the left-hand side of the nose wheel 
well, and provides power for tlie 26-volt a-c essential 
bus. The 26-volt, 400-cycle power is used for instru- 
ments, The primary of the ttansformer is connected to 
the a-c essential bus, phase B, through the 5-атр instru- 
ment transformer circuit breaker, which is located on 
the nose wheel well circuit breaker panel. 


THE A-C POWER SYSTEM ENERGIZED FOR 
NORMAL FLIGHT CONDITIONS. 


Since the field flashing of the a-c generator depends 
upon d-c voltage, it stands to reason that the d-c power 
must arrive in the a-c generator field-flash circuit by 


some means, It arrives the instant you place the 4-с gen- 
érator switch to the ON position and the a-c generator 
switch momentarily to RESET. It is d-c battery power, 
then, which is used for field flashing the a-c generator. 
It is taken directly from the d-c essential bus. Let's 
review, and find out how d-c power arrives at the 4-с 
essential bus ánd how the a-c system utilizes this d.c 
electricity. 


D-C Battery Voltage in the A-C System. 


When the battery switch is placed in the ON position 
(see figure 3-49 in Chapter III), terminal X2 of the 
battery relay is connected to contact 9 of the master 
Switch. And the master switch being in the normal posi- 
tion, contact 9 is connected to contact 3 and contact 
3 is connected directly to ground, Thus, the battery relay 
is energized, contacts A1 and A2 close and connect the 
battery to the d-c essential bus. 


The initial battery power has other functions in the sys- 
tem, as well. For example, by closing the power shutoff 
circuit breaker, located in the nose wheel well circuit 
breaker panel, the battery is connected to terminals 
1 and 2 of the master switch. And by closing the power 
warning circuit breaker, located in the forward auxiliary 
circuit breaker panel, you connect A3 of the a-c power 
failure relay to the d-c essential bus, Contact АЗ is wired 
to terminal R of the master warning relay box. Thus, 
the master warning and the a-c power failure indicators 
will be illuminated. They extinguish when the system 
is energized, and come on again only when there is a 
malfunction of the a-c 30-kva generator. This is essen- 
tially che same as the generator low warning light on 
the dashboatd of one of the newer automobiles. This 
a-c power control circuit breaker is most important to 
our present discussion, When closed, it connects in 
parallel terminal 18 of the a-c generator control panel 
and contact 2 of the a-c generator switch to the d-c 
essential bus. When the generator switch is placed 
momentarily in reset position, contacts 1 and 2 of the 
a-c generator switch are closed, and the d-c essential bus 
is once again connected into the a-c system through ter- 
minal 28 of the control panel. 


The A-C Control Panel and D-C Voltage. 


Terminal 28 of the control panel ís now connected in 
parallel to the generator control relay's reset coil, to 
the lockout relay coil, and indirectly to terminal F of 
the exciter shunt field of the a-c generator through the 
normally closed contacts of the de-energized lockout 
relay in the field flash circuit. These contacts of the 
lockout relay are normally closed, and power is brought 
through the above parallel circuit to terminal 1 of the 
à-c control panel. À 30-ohm, 25-watt resistor is con- 
nected in series between the closed contacts of the field 
flash disconnect relay, and the normally closed contacts 
of the lockout relay. The exciter shunt field, thereby, 
limits the exciter shunt field current flowing through 
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terminal 1 to approximately 10 amps when the a-c gen- 
erator switch is pressed; and the reset cycle is set in 
motion for the purpose of flashing the alternator field. 
А word concerning this field flash disconnect relay: in 
many control panels this relay is called a power indi- 
cator relay. In this case, however, there is no power 
indicator attached, and its sole purpose is to bridge the 
field flash circuit. 


The A-C Generator Switch, On. 


When the a-c generator switch is placed in the ON 
position, voltage is removed from the generator relay 
close coil, from the lockout relay coil, and from the 
exciter shunt field of the generator. "How?" you may 
ask. Well, as you can see by taking a look once more 
at the schematic diagram of the control panel, 
figure 4-50, the low side of the generator control relay 
reset coil is connected to terminal 6 which is grounded. 
In this manner, when the generator conttol relay is ener- 
gized and mechanically latched in, it connects the low- 
side of the lockout relay coil and the low-side of the 
generator control relay open coil to terminal 6 which 
is grounded, Therefore, the d-c essential bus is con- 
nected to terminal 28 of the ас generator control panel 
only during that period when the reset switch is closed. 


A-C Power on the Line. 


As you know, or should know, the transformer rectifier 
output in the a-c contro! panel is connected in parallel 
to the power selector rectifier and to terminal 11 of the 
a-c control panel which is connected to terminal X1 of 
the a-c power disconnect relay. This connection is made 
through contacts 5 and 6 of the a-c generator switch 
when it is in the ON position and through contacts 
4 and 5 of the a-c bus switch in its NORMAL position. 
Terminal X2 of the a-c power disconnect relay is con- 
nected to ground through the underspeed switch and 
contacts A2 and A3 of the auxiliary a-c external power 
relay. When the a-c generator attains a speed of 
5550 rpm (370 cps), and the d-c ouput of the trans- 
former rectifier unit of the a-c generator control panel 
is 18 volts, or more, the a-c power disconnect relay will 
be energized and close its contacts, and the a-c genera- 
tor’s regulated outpur will appear at the a-c essential bus 
through contacts A2 and A3, B2 and B3, and C2 and C3 
of the a-c emergency power disconnect relay. As you 
сап see, phase C on the a-c non-essential bus is con- 
nected to terminal X1 of the a-c power failure relay 
through the a-c power failure warning circuit breaker 
and terminal X2 completes the circuit to ground. In this 
manner, the a-c power failure relay is energized: open- 
ing contacts A2 and Аз disconnects the d-c essential bus 
from terminal R of the master warning box, and the 
master warning and. the a-c power failure lights are 
extinguished. Let's find out what happens to bring them 
on again, 
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Figure 4-55. F-102A Emergency Generator 


30-КУА Generator Taken Off the Line, 


it is the a-c generator control panel which provides 
overvoltage as well as undervoltage protection for the 
a-c generator. And it is the three-phase sensing rectifier 
—connected to the a-c generator output through the 
three 1200-ohm resistors—which is used to sense the 
output voltage of the a-c generator for operation of 
the overvoltage relay. This sensing rectifier system sup- 
plies sufficient d-c voltage to energize the overvoltage 
relay when a sustained voltage of over 135 volts appears 
at the a-c generator output. When the overvoltage relay 
is energized, its normally open contacts close. This 
action connects the power selector rectifier d-c output 
to terminal 14 of the control panel, which is connected 
externally to terminal 22. Terminal 22 is connected 
internally to the generator control relay open coil. It is 
through this connecting network that the generator con- 
trol relay contacts are opened, which removes the 4-с 
exciting voltage from the exciter shunt field. 


The generator control relay's mode of operation was 
covered when we discussed the a-c control panel on 
page 196. However, when the d-c output of the trans- 
former rectifier appears at terminal 11 of the panel, it 
is reduced below the drop-out voltage of the a-c power 
disconnect relay, which, incidentally, is an approximate 
7 volts, and the relay will be de-energized, and its con- 
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tacts will open. When the 30-kva a-c generator is taken 
out of the system and the a-c generator output is removed 
from the a-c buses, the a-c power failure relay is 
de-energized. In its de-energized position, contacts A2-A3 
are closed, and the d-c essential bus is connected to ter- 
minal R of the master warning relay box, illuminating 
the master warning and the a-c power failure indicator 
lights. Simple? 


THE F-102A AND А-С EMERGENCY POWER, 


Figure 4-55 shows the a-c emergency generator and its 
hydraulic motor as it is mounted on the right-hand side 
of the main wheel well. The line drawing shows the 
generator and its component parts as they are installed. 
As you can see, the combined unit is mounted in a verti- 
cal position. The hydraulic motor which drives it is 
installed at the bottom. 


The 1-kva, 120/208-volt, thtee-phase, 400-cycle, a-c gen- 
erator supplies limited power to the a-c essential bus for 
emergency operations. 


The A-C Emergency Generator. 


When available, a more complete exploded view of this 
generator will be incorporated into this supplement 
along with an explanation of its operating parts. Until 
more information is available a brief explanation of its 
operating qualities and design features should suffice. 


The machine has a minimum lagging power factor of 
0.8. It is а permanent magnet variable, axial air-gap 
type, with wye-stator configuration. The three phases 
and neutral are brought out to four terminals on the 
base, TO, ТІ, T2, and Т3--ТО is connected to ground. 
Six magnets are mounted on the face of the rotor, 609 
apart. The air gap is adjusted by varying the position 
of the stator, and by this variance in the air gap it is 
possible to change the output voltage. The theory behind 
this air gap adjustment is thoroughly explained in Chap- 
ter II, in covering the carbon-pile voltage regulator. 


These adjustments are critical, however, and should not 
be attempted except by technicians trained for the job 
who are equipped with the required shop level equip- 
ment. In other words, these adjustments are not per- 
formed on the flight-line, any more than the servicing 
of a magnetic amplifier is accomplished on the line. 


Тһе 1-kva emergency generator is designed to maintain 
an output of 120 volts +10% between one-half load and 
full load at 400 cycles +5%, and has а speed range of 
380 to 420 cycles per sécond. It is also designed to oper- 
ate in an ambient temperature of 38°С, and with a tem- 
perature rise of 40? above ambient for a period of ten 
minutes. The movement of the rotor provides cooling 
and gives considerable aid in curculating air through the 
openings around the top of the housing proper. 
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THE EMERGENCY GENERATOR HYDRAULIC 
MOTOR. The hydraulic drive motor installation draw- 
ing is shown in figure 4-56. As you can see, this motor 
consists of a main housing generator pad with connec- 
tions for the inlet and outlet lines which port hydraulic 
fluid from the secondary hydraulic system. This hydrau- 
lic drive motor is a constant-speed, piston-type unit. 
А self-contained speed control valve maintains the driv- 
ing speed at 8080 rpm +400, with an inlet pressure 
from the secondary hydraulic system which varies from 
2000 to 3000 pounds per square inch (psi). It is the 
emergency hydraulic solenoid, which you see in the 
schematic wiring diagram of the a-c power system, fig- 
ure 4-40, which, when energized by the a-c bus switch, 
ports hydraulic fluid to the a-c emergency hydraulic 
motor. А more complete explanation of this emergency 
а-с generator hydraulic system will be found in the 
Hydraulic System Supplement of this training series. 


THE EMERGENCY GENERATOR HYDRAULIC 
SOLENOID. This solenoid valve is electrically oper- 
ated and controls the flow of hydraulic fluid to the 
emergency a-c generator's hydraulic motor just discussed. 
When emergency power is needed, the a-c bus switch is 
switched to the EMER position, This directs electrical 
power to the solenoid valve, opening the valve, and 
releasing pressurized hydraulic fluid. 


Terminal А of this solenoid is connected in parallel to 
terminal 3 of the a-c bus switch and to terminal X1 of 
the a-c emergency power disconnect relay. Terminal B 
lof the hydraulic solenoid is connected to ground. 


When the 30-kva generator goes off the line, the master 
and the a-c power failure lights come on; unlike the 
d-c system, in which the emergency power automatically 
takes over, the a-c bus switch must be actuated to the 
emergency position (EMER). 


This action connects the d-c essential bus in parallel to 
terminal А of the emergency hydraulic solenoid and to 
terminal X1 of the a-c emergency power disconnect 
relay. Terminal X2 of this relay is connected to ground. 


1-КУА EMERGENCY POWER ON THE LINE. 


The a-c emergency electrical power system is shown in 
figure 4-57. The 4-с power is shown as a comparative 
system and to give you a clearer concept of the emer- 
gency system as a whole. 


For our analysis, the overall schematic, figure 4-40, will 
be used in conjunction with the a-c - d-c composite sche- 
matic, figure 4-57. 


|The loss of a-c power is indicated by the illumination 
‘of the master warning indicator light in the upper 
right corner of the instrument panel and by the a-c 
power failure warning indicator light in the warning 
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indicator light panel. During flight operation, if a situ- 
ation like this occurred, the pilot would attempt to 
restore power to the a-c bus by placing the a-c generator 
switch in the reset position momentarily, then to the 
ON position. If this action failed to extinguish the a-c 
power failure warning indicator light, and the a-c volt- 
meter indicated no voltage, he would place the a-c bus 
switch in its EMER position. This also holds true during 
operational checks and testing. These procedures will be 
found in Т. О, 1F-102A-2-10. 


When the a-c bus switch is placed to EMER position, 
the switch contacts 4 and 5 open, and contacts 2 and 
3 close. The 4-с essential bus is now connected in parallel 
to terminal A of the emergency generator hydraulic 
solenoid, whose terminal B is connected directly to 
ground, and to terminal X1 of the а-с emergency power 
disconnect, X1 being also grounded. In this manner, 
the emergency generator hydraulic solenoid and the а-с 
emergency power disconnect relay are energized. And 
as you have learned, energizing the emergency generator 
hydraulic solenoid ports hydraulic fluid from the sec- 
ondary hydraulic system directly to the hydraulic motor. 
Тһе energizing of the a-c emergency power disconnect 
relay opens contacts А2 and A3, B2 and B3, and C2 and 
C3, closing contacts АТ and A2, ВІ and B2, and C1 and 
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C2. As you сап see in figures 4-40 and 4-57, the open- 
ing of contacts А2 and A3 disconnects contact L3 of 
the a-c power disconnect relay and connects terminals 
A2 and АІ. Al is connected directly to emergency gen- 
erator terminal T3. Phase C of the a-c non-essential bus 
and phase C of the fuel boost pump bus, as you can see, 
аге, in this mariner, disconnected from phase C of the 
а-с essential bus. In like manner, the opening of con- 
'tacts B2 and B3 disconnects contact L2 of the a-c power 
disconnect relay and connects B1 and B2 to T2 of the 
generator terminal block. Phase B of the a-c non- 
essential bus and phase B of the fuel boost pump bus 
are now disconnected from phase B of the a-c essential 
“Бие, And so it goes right on down the line, C2 and C3 
disconnect contact L1 of the a-c power disconnect relay, 
contact L1 of the a-c external power relay, phase A of 
the a-c non-essential bus, and phase À of the fuel boost 
pump bus from phase А of the a-c essential bus. The 
closing of contacts СІ and C2 completes the connection 
at terminal TI of the a-c emergency generator, and the 
I-kva generator now takes over the system, By tracing 
through the system, you can see that all three phases 
are now connected—phase А, B, and C—to the а-с 
essential bus. The non-essential bus has been completely 
cut out of the system, The a-c power failure indicator 
light will remain lighted, however, since phase C of 
the a-c non-essential bus is not connected to the output 
of the a-c emergency generator. 50 much for the Е-102А 
under emergency power. 


THE F-102A AND A-C EXTERNAL POWER. 


“Тһе MD-3 unit used to provide the necessary electrical 


current is illustrated іп figure 3-56, Chapter III of this 
supplement. This ground support unit supplies the a-c 
external power for use in ground operations of the 
F-102A. For complete information regarding this equip- 
ment you are referred to Т, О, 35C2-3-249-1. 


Ground power, of course, is used mainly for the proper 
servicing during maintenance operations on the Е-102А, 
In this manner, the airplane is properly checked out 
under various modes of operational flight. Operational 
checks and tests for ground operations will be found 
in the applicable maintenance instructions manual 
Т. O. 1Е-102А-2-10. A trouble shooting chart with pos- 
sible trouble, its probable cause, and the correction of 
the malfunction will also be found in that manual. 


Connecting In A-C External Power. 


Тһе 4-с external power receptacle wil! be found on the 
forward bulkhead of the left-hand side of the main 
wheel well, This receptacle is above the d-c external 
power receptacle and is illustrated with external power 
connected in Chapter III (figure 3-57). 


Before connecting a-c external power to the airplane, be 
very sure that the a-c generator and the d-c battery 
switches are in their OFF positions and that the a-c bus 
switch is in the NORMAL position, 


ELECTRICAL SYSTEM 


If external power is to be used on the airplane for long 
periods of time during your maintenance operations, 
there are certain circuit breakers which should be pulled 
to their tripped position. Four of these are in the upper 
electronics compartment circuit breaker panel and are 
labeled: intph AIC-10DC, Glide Path ARN-18DC, 
Glide Path АКМ-115УАС, and MARKER BEACON 
ARN-12DC. Three more will be found in the nose 
wheel well; J-2 comp., J-2 compass and voltmeter; PHB 
and PHC; and the one labeled PILOT ASSIST. Three 
others which must be pulled will be found in the main 
wheel well circuit breaker panel and are labeled: 
FLIGHT CONTROL, FLIGHT CONT DAMPER, and 
PITCH. The reason for pulling these breakers is that 
the above circuits are energized whenever electrical 
power is impressed on the airplane. 


In Chapter II, pages 72 through 80, the circuit breaker 
panels found in the Е-102А are illustrated, Ас the end 
of this chapter, the ac circuit breakers found in these 
panels are listed with decal, their amperage rating, the 
phase voltage, bus, and the circuit they protect. 


The A-C External Power Receptacle, 


If you will take another look at the schematic wiring 
diagrams, figures 4-40 and 4-57, you will find that ter- 
minals A, B, and C, of the external power receptacle 
are connected to contacts T1, T2, and T3 of the a-c 
external power relay. Terminal E is connected in paral- 
lel to terminal ХІ of the a-c external power relay and to 
terminal X1 of the auxiliary a-c external power relay. 
Terminal F is connected in parallel with terminal D of 
the generator test receptacle to the d.c essential bus 
through the a-c external power circuit breaker, Terminal 
N is connected to ground. 


The Generator Test Receptacle. 


The generator test receptacle, located on the forward 
bulkhead on the left-hand side of the main wheel well, 
is used in conjunction with the a-c external power recep- 
tacle to energize the a-c external power and auxiliary 
à-c external power relays without interfering with the 
operation of the a-c power disconnect relay, Terminal А 
of this test receptacle is connected to terminal X2 of the 
а-с power disconnect relay through contacts B and A of 
the constant-speed drive, underspeed switch when this 
switch is energized. "Terminal A is also connected in 
parallel! to ground through contacts A2 and A3 of the 
auxiliary a-c external power relay when this relay is 
de-energized. То return to the test receptacle, terminal B, 
as you can see, is connected directly to ground while 
terminal D is connected to the d-c essential bus through 
the a-c external power circuit breaker; terminal D is also 
connected in parallel to terminal F of the a-c external 
power receptacle. By turning to the schematic wiring 
diagram of the 4-с system, figure 3-50, Chapter III, you 
will see that terminal C is connected in parallel to ter- 
minal 1 and contact 7 of the d-c external power inter- 
lock relay. Terminal C is also connected to the d.c 
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external power relay and to the common terminal of the 
d-c external power and che 4-с auxiliary power recep- 
tacles. Terminal E of this test receptacle, in turn, is 
connected in parallel to contact 4 of the 4-с external 
power interlock relay and to terminal X1 of the d-c 
disconnect relay. Contact 4 of the d-c external relay is 
connected to ground through contact 2. All this sounds 
rather complicated, but if you will trace this through, 
you will see that it is in this manner that the a-c power 
disconnect relay is isolated, and is not interfered with 
during ground operations when the a-c external power 
and auxiliary external power relays are energized. 


The A-C External Power Relay. 


The function of the relay in this system is to connect 
the a-c external power to the a-c buses. The coil termi- 
nal X2 of this relay is connected to contact A1 of the 
auxiliary a-c external power relay; terminal X2 is con- 
nected in parallel to terminal E, of the a-c external 
power receptacle, terminal D of the generator test recep- 
tacle, and to terminal X1 of the auxiliary a-c external 
power relay. Contacts T1, T2, and T3 are connected to 
terminals А, B, and C, in that order, of the a-c external 
power receptacle. Contacts L1, 2, and 3 are, of course, 
connected to contacts L3, 2, and 1 of the a-c power 
disconnect relay. 


The Auxiliary A-C External Power Relay, 


The function of this normally closed relay in the system 
is to disconnect terminal B of the underspeed switch 
and terminal А of the generator test receptacle from 
Bround. In the energized position, as you can see, it pro- 
vides à ground connection for terminal X2 of the a-c 
external power relay. Terminal ХІ of the auxiliary 
а-с external power relay and terminal X1 of the а-с 
external power relay are connected in parallel with ter- 
minal D of the generator test receptacle, terminal E of 
the a-c external power receptacle, and finally to the 
d-c essential bus through a jumper wired between соп- 
nector pins E and F in the a-c external power cable 
connector, Terminal F is connected directly to the 5-amp 
external power circuit breaker in the main wheel well 
circuit breaker panel. Terminal X2 of this auxiliary 
relay is connected directly to ground. As we mentioned 
earlier, contact Al of the auxiliary relay provides a 
ground for terminal X2 of the a-c external power relay 
through contact A2. Contact A3, as you can see, is con- 
nected to terminal B of the underspeed switch and ter- 
minal А of the generator test receptacle. 


EXTERNAL POWER ON THE LINE. 


When external power has been connected to the air- 
plane, current moves through the power warning circuit 
breaker, connecting the 4-с essential bus to contact A3 
of the a-c power failure relay. Contact А2 is connected 
to terminal К of the master warning relay box. Соп- 
tacts А2 and A3 are closed in the de-energized positiori, 
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connecting the d-c essential bus to terminal R. The 
master warning and the a-c power failure indicators will 
be lighted, assuming that the master warning system has 
been energized by the 4-с essential bus. 


То connect the 4-с essential bus in parallel to terminal D 
of the generator test receptacle and to terminal F of the 
a-c external power receptacle, the a-c external power 
Circuit breaker must be closed. Because the a-c external 
power cable connector has a jumper connected between 
Sockets E and F when the connector is plugged into 
the a-c external power receptacle, the d-c essential bus 
is connected to terminals X1 of the a-c external power 
relay and the auxiliary a-c external power relay. Ter- 
minal X2 of the auxiliary a-c external power relay is 
connected directly to ground. The auxiliary a-c external 
power relay through this network is energized, opening 
contacts А2 and A3, and closing contacts А1 and A2. 
Opening contacts А2 and. АЗ disconnects terminal B of 
the underspeed switch and terminal А of the generator 
test receptacle from ground. This prevents inadvertent 
energizing of the a-c power disconnect relay. The isola- 
tion network of this relay was explained when we wired 
the generator test receptacle into the system. 


Closing contacts Al and A2 of the auxiliary a-c external 
power relay connects terminal X2 of the a-c external 
power relay to ground, which: energizes the relay, 
closing its contacts. This connects terminals A, B, and C 
of the a-c external power receptacle to the a-c buses. Ter- 
minal X1 of the a-c power failure telay is. connected to 
phase С of the a-c non-essential bus. Terminal X2, being 
connected directly to ground, energizes the a-c power 
failure relay, and opens contacts A2 and A3, disconnect- 
ing the d-c essential bus from terminal R of the master 
warning relay box. This action extinguishes the master 
warning and the a-c power failure lights, and the a-c 
power system is under normal ground operation for 
operational tests and servicing. 


A-C ESSENTIAL AND NON-ESSENTIAL 
BUS SYSTEM. 


You have learned that in the a-c electrical power system, 
the non-essential buses ate connected directly to the 
30-kva a-c generator through the a-c power disconnect 
relay when the a-c generator and a-c bus switches are 
activated. The essential buses are connected in essentially 
the same manner except that іа this case current is 
routed through the emergency a-c power disconnect 
relay. In the event of ап a-c generator failure, the emer- 
gency а-с power disconnect relay із energized and routes 
l-kva emergency power to the essential buses. The relay 
is energized when the a-c bus switch is pushed to the 
EMER position. In more or less the same manner, the 
а-с emergency power disconnect relay is de-energized 
when external power is connected to the airplane and 
power is channeled to the non-essential buses. 
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Figure 4-58. The A-C Bus System 
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There are approximately 64 circuits supplied by both 
the 4-с and a-c bus systems, Ап analysis of these various 
circuits and of their components will be found in the 
applicable system training supplement of this series. 
Complete schematic and wiring diagrams will be found 
of all circuits in the maintenance manuals which directly 
pertain to the F-102A airplane, T. O. 1F-102A-2-10, 
T. О. 1F-102A-2-12, and Т.О, 1F-102A-2-13, These 
should be consulted at every opportunity. In fact, they 
are an invaluable part of your equipment. 


A-C CIRCUIT BREAKER PANEL 
LOCATIONS AND CONTENTS. 


As you were told in Chapter II when the 4-с system was 
discussed, there are nine individual circuit breaker panels 
scattered throughout the F-102A. Each of these panels 
contains a segment of either the essential or non-essential 
buses. These buses are located in the rear of the various 
circuit breaker and switch panels. These panels contain 
both the d-c and a-c buses and the circuit breakers. But 
for our purpose in this chapter, when we are discussing 
the a-c system, only the a-c buses and circuit breakers 
and their location will be listed. The larger of these 
panels are the main wheel well circuit breaker panel, 
the nose wheel well switch panel, and the panel in the 
upper electronics compartment. In the left-hand side of 
the cockpit is the forward auxiliary circuit breaker panel, 
located slightly above the cockpit floor at the forward 
end of the left-hand console and below the cabin altim- 
eter. The left-hand aft circuit breaker panel is located 
immediately below the cowling angle and above the "С" 
suit control valve at the rear of this console, Opposite 
this panel, and on the right-hand side of the cockpit in 
relatively the same position, is the right-hand aft circuit 
breaker panel. Just below this panel, on. the aft end of 
the right-hand console, is the right-hand console com- 
munication and radar circuit breaker panel. At the for- 
ward end of this console is the electrical power switch 
panel. The utility switch panel is found on the skirt 
below the pilot's instrument panel. 


The following tables locate each circuit breaker panel 
for you and tell you what it contains, The load capacity 
of the individual breaker is given, its bus, and the volt- 
age. While there are bus connections in these panels 
expressly for the d.c electrical system, those located in 
the following charts are for the a-c electrical System 
only. The D-C was covered in Chapter II. For illustra- 
tions of these panels it is suggested you turn back to 
Chapter П, from page 72 to page 80. 


In the first column, "Circuit Breaker Decal," you will 
find, in some cases, two different decal designations. 
The first one quoted is on earlier airplanes, the second 
on later models. 
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MAIN WHEEL WELL A-C CIRCUIT 
BREAKER PANEL, 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


ROLL RATE GYRO $C 
ROLL RATE GYRO AC $C 


ROLL RATE GYRO $B 
ROLL RATE GYRO AC ФВ 


ROLL RATE GYRO ФА 
ROLL RATE GYRO AC $A 


FLIGHT CONT 


5-amp, 115/200-v AC, 
essential 


5-amp, 115/200-v AC, 
essential 


5-amp, 115/200-v AC, 
essential 


5-amp, 115-v AC, ФВ, 
non-essential 


FLIGHT CONTROL 
DAMPER АС фВ 


5-атр, 115/200-у АС, 
non-essential 


NOSE WHEEL WELL A-C CIRCUIT 
BREAKER PANEL. 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


VOLTMETER AND TRANS 
FORMER ФА, $B, $C 


FUEL QUANT 


5-amp, 115/200-v AC, 
essential 


5-amp, 115-v AC, 
essential 


115/26V TRANS 


5-атр, 115/200-v AC, 
essential 


PRESS RATIO INST 5-amp, 200/115-v AC, 


essential 


ATTITUDE GYRO CONT 
115V фВ 


ATTITUDE GYRO CONT 5-amp, 115-v AC, 
115V ФС essential 


5-amp, 115-v AC, 
essential 


NOSE WHEEL WELL A-C SWITCH PANEL. 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


-2 COMPASS & 


) 5-атр, 115-v AC, 
VOLTMETER ФВ essential 


72 COMPASS & 5-amp, 115-v AC, 
VOLTMETER ФС non-essential 


TRIM SERVO AC 5-amp, 115-v AC, 


non-essential 


ELECTRONIC TEST 10-amp, 115/200-v 
POWER AC АС, 34, non-essential 


Є 


UPPER ELECTRONICS СОМРАВТМЕМТ 
A-C CIRCUIT BREAKER PANEL, 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


GLIDE PATH 
ARN-18 115 AC 


5-amp, 115/200-v AC, 
non-essential 


ELECTRICAL SYSTEM 


RIGHT-HAND CONSOLE COMMUNICATION AND 
RADAR A-C CIRCUIT BREAKER PANEL (COCKPIT). 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


GROUND TO AIR 115 АС | 5-ашр, 115/200-у DC, 


essential 


MG-3 фА 115 AC 


35-amp, 115/200-v AC, 
non-essential 


MG-3 $B 115 AC 35-атр, 115/200-v АС, 


non-essential 


МОЗ ФС 115 АС 35-amp, 115/200-v AC, 
non-essential 

AUTO FLT CON SYS AC | 5-amp, 115/200-v AC, 
non-essential 


FORWARD AUXILIARY A-C CIRCUIT 
BREAKER PANEL (COCKPIT). 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


PWR CONT AC 5-amp, 115/200-v AC, 


essential 


LEFT-HAND AFT A-C CIRCUIT BREAKER 
PANEL (COCKPIT). 


AMPERAGE, 


CIRCUIT BREAKER. DECAL VOLTAGE AND BUS 


WINDSHIELD PHB 20-amp, 115/200-v AC, 
non-essential 


WINDSHIELD PHC 10-amp, 115/200-у AC, 


non-essential 


RIGHT-HAND AFT A-C CIRCUIT BREAKER 
PANEL (COCKPIT), 


AMPERAGE, 


CIRCUIT BREAKER DECAL VOLTAGE AND BUS 


A-C FAIL 5-amp, 115/200-v AC, 


non-essential 


LIGHTING CONSOLE 5-amp, 115-v AC, 


essential 


LIGHTING INST PNL 5-amp, 115-v AC, 


essential 


FLOOD 5-атр, 115/200-v AC, 


non-essential 


5-amp, 115/200-v AC, 


POSITION PWR 
` essential 


AIR TO AIR 115 AC 5-amp, 115/200-v AC, 


non-essential 


A-C POWER LOADING. 


For the complete charts on power loading of the Е-102А 
a-c electrical system you are referred to the applicable 
maintenance instruction manual, T. О. IF-102A-2-10. 
For our purpose in this section of the manual, it is felt 
that the accompanying load analysis chart, and what you 
learned of power loading when studying the d-c elec- 
trical power system, will give you a clear understanding 
of the a-c power loading in the F-102A. 


A-C LOAD ANALYSIS, 


Тһе chart that follows is the computed loads on both 
the a-c generator and the a-c emergency generator. The 
values given are predicted on the systems expected to 
be in operation under the flight conditions shown on the 
chart. These values, of course, just as they were in the 
d.c system, are simply an average of the watts, the vars 
and the kva used for certain given periods of time 
as shown. 


A-C LOAD ANALYSIS CHART. 


STANDBY 


1400 vars 


1380 vars 6.71 Куа 


6609 watts 
6559 watts 


2669 watts 


. |19544 watts 8845 vars 
! 


1104 vars 2.89 kva 


22.48 kva 


21. kva 


224 Куа 


20543 watts 9226 vats 


9116 vars | 22.22 kva 


20325 watts 


9061 vars | 22.18 kva 


20203 watts 
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CRUISE 


20025 watts 9018 vars |21.05 kva 


20025 watts 9018 vats |21.95 kva 


21.95 kva 


20025 watts 9018 vars 


COMBAT 

0 > Yamin, | 22173 watts |10375 vars | 24.43 Куа 
Мо 2 шіп, | 20637 watts 9635 vars | 22.76 Куа 

2 -5 min. | 20293 watts 9475 vars | 22.38 Куа 


20.45 kva 


18687 watts 8342 vars 


18687 watts 8342 vars | 20.45 kva 


20.4 kva 


18647 watts 8263 vars 


871 watts 516 уаг5 


871 watts 316 vars | 0,911 kva 


а ни [көө | 


SUMMARY OF D-C AND А-С 
ELECTRICAL POWER SYSTEMS. 


THE D-C POWER SYSTEM. 


The d-c power system buses may be energized from 
three possible sources: the 24-volt, 24-ampere battery; 
the 30-vole, 200-ampere generator; or an external source 
through the d-c external: power receptacle. 


0.785 kva 


The battery alone will energize only the d-c essential 
bus, but the generator or external source will energize 
both the essential and non-essential buses. The battery 
may be paralleled with the generator or the external 
source, but the generator is automatically disconnected 
when the external source is connected. The battery is 
connected to the bus by operating the MASTER switch 
to NORMAL and the battery (BATT) switch to ON. 
With the battery energizing the esséntial bus, the gen- 
erator is connected to the bus by operating the MASTER 
switch to NORMAL and the d-c genetator switch 
(GEN) to RESET momentarily, and then to ON. An 
external source of power is connected to the bus by con- 
necting it to the main or the auxiliary external power 
receptacles. An illuminated warning light (D-C POWER 
FAILURE) on the master warning light panel indicates 
а de-energized non-essential bus and a corresponding 
generator failure. 
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A combination control panel and voltage regulator func- 
tions as follows: it provides protection against over- 
voltage, reverse current and reverse polarity; senses 
differential voltage (generator versus bus); regulates 
voltage; connects the generator to, and. disconnects the 
generator from the bus; and provides a means for man- 
ual reset, voltmeter connection, and testing of over- 
voltage protection. The generator is tested by connecting 
the appropriate jumper plug to the generator test recep- 
tacle and connecting the test unit (load bank, etc.) to 
the external power receptacle. 


THE A-C POWER SYSTEM. 


The a-c power system. buses may be energized from three 
possible sources: the 30-kva main a-c generator; the 
1-Куа emergency а-с generator; or an external power 
source, Connection of any source of power to the bus 
automatically disconnects the other sources, The main 
generator and external source energize both the essential 
and non-essential buses, but the emergency generator 
energizes only the essential bus. The main generator is 
connected to the bus by operating the MASTER and 
A-C BUS switches to NORMAL and the a-c generator 
(A-C GEN) switch to RESET momentarily, and then 
to ON. The emergency generator is connected to the 
bus by operating the A-C BUS switch to EMERGENCY 
and the a-c generator switch to ON. The external source 
of power is connected to the bus by connecting it to 
the external power receptacle, An illuminated warning 
light indicates a de-energized non-essential bus and a 
corresponding main generator failure, The voltage regu- 
lator and current transformers control the main gen- 
erator output voltage under varying load conditions. 
The control panel connects the main generator to and 
disconnects the main generator from the bus, protects 
against overvoltage, and provides а means for manual 
reset and testing of overvoltage protection. The main 
generator is tested by connecting the appropriate. jumper 
plug to the generator test receptacle and connecting the 
test unit (load bank, etc.) to the external power гесер- 
tacle. The Sundstrand underspeed switch allows con- 
nection of the main generator to the bus when the 
generator frequency has increased beyond 370 cps and 
disconnects the generator from the bus when the fre- 
quency drops below 350 cps. 


YOU AND THE F-102A ELECTRICAL 
POWER SYSTEMS. 


Pre-flight, post-flight, periodic, and special inspection 
requirements are perhaps the most important duties you 
will perform as a flight-line mechanic. The efficient man- 
ner in which you prepare them will prevent undue mal- 
functions and keep the airplane in the air and in a 
state of readiness for its all-important mission—the pro- 
téction of the homes and industry of America. 


These inspections are found in the Handbook of Inspec- 
tion Requirements, Т.О. 1F-102A-6. The final section of 
this supplement deals with what. is called Replacement 


Schedule. Replacement periods specified сап Бе extended 
by proper authorization. But, for the most part, equip- 
ment will be replaced by а newly serviced unit or a com- 
pletely new item. For example, every 500 flying hours, 
the 2-c regulator, a-c control panel, and a-c 30-kva gen- 
erator will be replaced. In the case of the a-c emergency 
generator, 1000 hours is the specified period for removal 
and replacement. 


All this is simply preventive maintenance—you lock the 
garage door before your automobile is stolen, not after 
it has been found wrapped around a telegraph pole. 
The a-c voltage regulator may be in a tip-top perform- 
ance status until 499th using hour, but on the 501st 
hour it could go completely hay-wire. So, unless there 
has been specific authorization to the contrary, any of 
the items specified for removal should be removed at 
the Periodic Inspection nearest the time when the 
placement is due. 

Before closing this portion of the F-102A electrical 
Power systems, from their sources of power to the essen- 
tial and non-essential bus systems, let’s sum up some of 
the hard cold facts of trouble shooting. 


TROUBLE SHOOTING ELECTRICAL SYSTEMS, 


When there is an operational failure of any electrical 
unit or circuit, the airplane is energized and a check will 
be made of the power lead to the unit to determine if 
either the unit or the circuit is at fault. To locate the 
malfunction, you determine first if the electrical power 
is properly connected to the airplane, and if the circuit 
breaker protecting that circuit has tripped. A tripped 
circuit breaker, of course, will be an indication of a short 
or overload in the circuit or in one of its units, If the 
circuit breaker is not tripped, it indicates an open circuit. 


SHORTED OR OVER-LOADED CIRCUITS. 


First of all, find the power lead to the inoperative unit, 
by studying the schematic diagram, or the wiring dia- 
gram of that circuit, Wiring diagrams for all circuits in 
the F-102A will be found іа Т. О, 1F-102A-2-13. 


When you are sure, disconnect the electrical connections 
at the unit, and energize the circuit with the proper 
switches, If the circuit breaker trips or a fuse blows, 
there is a short in the circuitry. If the circuit breaker 
does not trip, the trouble is in the unit. 


If а short appears to be in the circuitry, a general exami- 
nàtion of harnesses for damage may locate the most 
likely area for the short. Inspect for chafing against 
another lead or structural member of the airplane. ТЕ 
such an area is found, check the continuity of each wire 
in the harness with а volt-ohmmeter. 
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If, however, an examination of the harnesses does not 
reveal any apparent damage, a continuity check of the 
circuit with a volt-ohmmeter must be made. Follow the 
wiring diagram of the circuit to determine the proper 
splice panels and the pin numbers to use. Continuity 
checks should be made at designated wire breaks only. 


When the continuity check reveals the damaged wire, 
separate the wire from the harness bundle for closer 
examination. Ас the same time, other wires in the same 
bundle should be very definitely checked for continuity. 
The damaged wire is repaired by splicing or replace- 
ment, and the insulation is repaired by wrapping with 
the specified plastic tape or vinyl. Never изе friction 
tape, А splice may be made in the damaged wire only if 
necessary, and, then only if it does not exceed the speci- 
fications outlined by the applicable Air Force technical 
order, T. O. 1F-102A-2-10. 


OPEN CIRCUITS. 


To determine an open circuit, the electrical connections 
at the inoperative unit are disconnected and the circuit 
is energized. 


Disconnect the electrical connections at the inoperative 
unit and energize the circuit. 


Check the voltage between the power lead, where it 
has been disconnected from the unit, and ground. 
A no-voltage indication on a voltmeter or test light 
indicates an open circuit. Inspect the harness involved 
for damage. If damage is found, remove power and 
check the continuity of individual wires in the harness 
with a volt-ohmmeter connected at the terminal ends 
of each wire. If по apparent damage is found, рег- 
form a continuity check on the power lead with a 
volt-ohmmeter. 


When the open lead has been found, it may be necessary 
to examine the wire closely for breaks under the insula- 
tion. Locate breaks of this type by feeling the insulation 
until a soft spot is found. A break may be repaired by 
à splice, if such a splice does not exceed specifications 
outlined in T. О. 1Е-102А-2-10. 


If the check on the power lead indicates that the trouble 
is in the unit, check continuity through the unit. Pay 
particular attention to ground connections. 


CONTINUITY CHECKS. 


In making continuity checks of circuits with а volt- 
ohmmeter, the nature of the trouble must first be deter- 
mined. During continuity checks, pay particular atten- 
tion to terminal connections. Check to see that cable and 
liae connections are tight and in good condition and 
that dirt or corrosion is not impairing the circuit, 
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CHECKING FOR SHORT CIRCUITS. 


In checking for a short circuit: 
Disconnect all electrical power from the airplane. 


Disconnect the terminals at each end of the wire or 
equipment to isolate it. Do not strip or puncture insu- 
lation to make tests, 


Connect one lead of a volt-ohmmeter to one end of 
the wire. Connect the other lead to ground. 


Measure the resistance. A readiag of zero ohms indi- 
cates that wire or equipment is shorted to ground. 


Connect volt-ohmmeter between wires in the cable. 
A reading of zero ohms indicates a short between 
wires, 


CHECKING FOR OPEN CIRCUITS. 
In checking for an open circuit: 
Energize the circuit. 


With a voltmeter or test light, check the voltage 
between the terminal and ground at each terminal 
along the power lead. 


A no-voltage reading indicates the open circuit is 
between the terminal and the power source. 


An open circuit may also be tested with a volt-ohmmeter 
as follows: 


Disconnect electrical power from the airplane. 


Connect the leads of the volt-ohmmeter at adjacent 
terminals along the wire. 


Measure the resistance. A high resistance indicates the 
open circuit. 
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BONDING MAINTENANCE. 


Maintenance of the bonding to insure good electrical 
conductivity is of the utmost importance. The following 
general instructions are adhered to when repairing or 
replacing bonding: 


Bonding jumper replacement must be identical with the 
original bonding jumpers. 


Bonding jumpers must be installed so that vibration, 
expansion or contraction, or relative movement inci- 
dental to normal operation will not break the bonding 
connections or loosen them to the extent that their elec- 
trical conductivity will be affected. 


Be particularly cautious when installing jumpers so that 
the bonding jumpers are installed in such manner that 
normal operation of any movable component is not 
hindered. Be careful that bonding braid does not rub 
against other parts, particularly sharp edges, for damage 
to the bonding and/or its adjacent component may 
result, 


Bonding clamps on flexible metal hose must be installed 
so as not to crimp or damage the conduit or hose. 


To insure good electrical contact, mating surfaces of 
bonding jumper terminal lugs and connection points 
must be cleaned prior to installation. 


Check bonding resistance. Resistance should be below 
27-milliohms. 


Аз a final warning, and as a final word, never remove a 
cover of an electrical unit while electrical power is on. 
You will find that all junction boxes and splice panels 
which contain a hot lead—a wire that becomes energized 
whenever electrical power is on the airplane—are pla- 
carded with a WARNING sign. 
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THE LIGHTING SYSTEMS IN THE F-102A 
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Тһе lighting system in an airplane serves two purposes 
—to illuminate outside the airplane and to illuminate 
the interior. Lights on the exterior provide lighting for 
night operations such as landing and formation flying. 
Interior lighting provides illumination for instruments, 
equipment, and the cockpit. In addition, certain special 
lights called indicator lights inside the plane indicate 
the operational status of equipment, such as the position 
of the landing gear or the armament bay doors. 


In the F-102A the lighting installations are also divided 
into two groups—exterior lights and interior lights. 
These installations are supplied from the buses by three 
classes of electrical power. 


Some of the exterior and interior lighting circuits are 
supplied by 28-volt 4-с power from both the 28-voit 
4-с essential and non-essential buses. From the 
115/200-volt, single-phase a-c bus, power is supplied to 
the position lights and a few of the interior lighting 
circuits. Апа from the a-c 115/200-volt non-essential 
bus, a-c power is routed to the cockpit flood lighting. 


THE EXTERIOR LIGHTING SYSTEMS. 


The exterior lights consist of the position lights, the 
landing lights, and taxi lights. The position. lights are 
installed in the airplane to aid in recognition and navi- 
gation. The landing lights and taxi lights, of course, are 
put there to aid the pilot in landing or taxiing the 
airplane after sundown. The perspective drawing, fig- 
ure 5-1, shows the location of the position lights as they 
are installed on the F-102A. 


POSITION LIGHTS. 


Аз you can see in figure 5-1, the position light system 
in the F-102A consists of ten position lights: on the 


fuselage are the two upper and two lower lights; on 
the left-hand wing tip is the usual red light, while on 
the right-hand wing tip you will find the conventional 
green unit; then there are two additional lights—one 
white and one amber—on each aft wing root fairing. 


These three groups of position lights—on the fuselage, 
the wing tips, and the tail of the plane—are controlled 
by two switches located on the utility switch panel. 
А photograph of this panel is shown on page 80, Chap- 
ter IT, of this supplement. 


How the Position Light Circuit Operates. 


Тһе schematic wiring diagram, figure 5-2, should be 
easy to understand and even easier to trace. А$ you 
can see, the position lights receive their power from 
phase А of the 115-volt essential bus. The circuit is 
protected by a 5-amp circuit breaker (Position Lts Pwr) 
located in the right-hand aft circuit breaker panel in 
the cockpit. Power for the flasher control relay is sup- 
plied from the 28-volt d-c essential bus. This circuit 15 
also protected by a 5-amp circuit breaker (Position Lts 
Cont) located on the same panel. 


Тһе intensity of all the position lights is controlled by 
one of two ON positions—BRIGHT or DIM. The other 
power controlling switch is a three-position switch 
whose positions are designated as STEADY-OTTF- 
FLASH. 


When the 115-volt a-c power is applied through the 
two-position BRIGHT-DIM switch to the transformer, 
the switch selects the desired brilliance from the tapped 
primary input and determines the intensity of the 
output, When the switch is positioned to BRIGHT, 
there is а 28-volt output—when positioned to DIM, а 
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Figure 5-1. The F-102A Position Lights 


14-volt output. Very simply, this can be explained as a 
step-down transformer which works on the same old 
principle, that when a dpst switch is connected in series 
with the lamp and since a resistor decreases current 
flow, the light intensity is reduced. When the series con- 

` nected switch is оп BRIGHT, the resistor is shorted 
out, and the lamps glow at full brilliance. In this case, 
the coils of the transformer are in series, and to ground; 
Бас the output of the transformer (LV) is connected in 
parallel to the four fuselage lights—and if you will 
trace the circuitry on through, connected in parallel to 
a flasher unit and the wing tip and the tail lights. In 
this way, while the wing tip and tail lights flash— 
ON-OFF—the fuselage lights (isolated from the flasher 
unit) remain steady at all times whenever the position 
lights are energized. 


As we have mentioned, the power for the flashing unit 
is received from the 28-volt d-c essential bus. The flasher 
unit energizes and de-energizes the coils of the double 
throw relay at the rate of 40-cycles per minute (221595). 
It applies power in the energized position to the amber 
or yellow tail light only through terminal 1. In the 
de-energized position—the normal position—power is 
removed from the yellow lights and applied to the wing 
tip and clear lensed tail lights through terminal 3. The 
position lights in the F-102A can in tliis manner be 
selected to either the STEADY position—where all ten 
lights in the circuit illuminate steadily, or to the FLASH 
position, where the four fuselage lights burn steadily 
and the yellow lights flash on and off alternately with 
the clear tail lights, and the red and green wing tip 
lights. In either case, a bright or a dim intensity can 
be used. Terminal 6 of the flashing unit is connected 
to ground. 
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The Flashing Unit. 


Formerly, a flasher control mechanism consisted of a 
small motor-driven camshaft on which two cams were 
mounted, and a simple switching mechanism of two 
breaker armis and contact screws. The motor rotated 
the camshaft through a set of reduction gears, causing 
the cam to operate the breaker arm from one contact 
arm to the other. In this way, the posicion light circuit 
was flashed from contact to contact. This method of 
flashing is still found in many flasher systems. 


The flasher in the F-102A, however, is a hermetically 
sealed unit containing two relay switches and a flash 
control consisting of an electronic network of capacitors. 
This control component works on the time constant 
principle. The symbol for this time constant is RC, which 
may be defined simply as the time required to charge or 
discharge a capacitor. We discussed this principle earlier 
in this chapter and in Chapter I, page 27. In this 
particular flasher control, the capacitors being charged 
and discharged while wired to the coils (the resistances) 
of the relays, regulate the opening and closing of the 
relay contacts. The rate of charge and discharge is 
40 cycles per minute. During one complete cycle, each 
circuit is energized and de-energized once. In other 
words, during the 20-cycle period, the wing tip lights 
are enetgized and de-energized; during the second 
20-cycle period, the tail lights are energized and 
de-energized. 


As a final word in this flashing unit, if for any reason 
the flasher control assembly becomes inoperable, the 
circuits controlling the wing tip lights and the clear 
tail lights will still be energized. The reason for this 
is clearly seen in figure 5-2—the two relays are normally 
in the on-off position, thereby completing these circuits 
when de-energized. 


аца 


522 


POSITION LT SWITCHES 
STEADY OFF FLASH 


5A 
61 


28V DC ESSENTIAL 
POSITION LTS 
CONTROL 


CKPT RH AFT 
CIRCUIT BREAKER 
5A PANEL 


А 115V 1 PH 
ESSENTIAL BUS 
POSITION LTS 

POWER 


BTM51091A 


ELECTRICAL SYSTEM 


UPPER FUSELAGE LOWER FUSELAGE 


115У TO 28V 1 PH LIGHTS LIGHTS 
400 CPS TRANS 


115 


L 


FLASHER 


Figure 5-2. The F-102A Position Light Circuit 


THE LANDING LIGHT SYSTEM, 


Landing lights are installed in aircraft to illuminate 
runways during night landings. The lights are very 
powerful and each light is directed by а parabolic 
reflector at an angle providing а maximum range in 
illumination. 


Тһе landing lights on the F-102A are mounted on the 
left-hand and right-hand main landing gear struts, as 
shown in figure 5-3. The light circuits are routed to 
ground through the nose landing gear down switch. 
This method of ground routing prevents the completion 
of the circuit and the illumination of the landing lights 
until the nose landing gear down switch is actuated 
by the nose landing gear being extended. When the 
Bear is fully extended, the down lock switch closes the 
light circuit, allowing illumination when the landing 
light switch is closed. 


Ín the schematic wiring diagram of the landing light 
circuit, figure 5-4, note that the circuit is supplied from 
the 28-volt d-c non-essential bus. The circuit is protected 
by two 10-amp circuit breakers located in the main 
wheel well circuit breaker panel. Both circuit breakers 
are wired to terminal X1 of both the left-and right-hand 
landing light relays. These relays are located in the 
forward bulkhead of the main wheel well. When these 
relays are closed through the action of the nose landing 
gear down switch, they complete the circuit, and the two 
250-watt sealed beam landing lights are illuminated. 
Except for their power rating, these sealed beam lamps 
are essentially the same as those used in the headlights 
of the average automobile. 


Briefly then, thé d-c non-essential bus is connected to 
the left- and right-hand landing light relays; and when 
these relays are energized, to the left- and right-hand 
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landing lights. The completed circuit, to energize 
the relays, is completed through the taxi-landing light 
switch to terminal E of the nose landing gear down 
switch and to ground. The taxi-landing light switch is 
in series with the nose landing gear switch when it 
is in the down and locked position. Therefore, the nose 
landing gear must be down and locked before the 
landing light can be illuminated. 


For a further explanation of the landing gear position 
and warning circuits you are referred to Chapter VII 
of the Airplane General Supplement of this series. 


For the adjustment and operational checks on the lights, 
you are referred to T.O. 1Е-102А-2-10. 


THE TAXI LIGHT SYSTEM. 


The taxi light system in the F-102A consists of a 
150-watt sealed beam lamp and assembly. The light is 
mounted on a bracket on the inner side of the nose 
wheel door as shown in figure 5-5. À guard is provided 
to protect the light from objects picked up by the 
nose wheel. 


Тһе circuit in the wiring taxi light schematic, figure 5-6, 
is perhaps as simple as any you will find. It contains 
а simple spst (single break) relay which is energized 
from the 28-volt d-c non-essentíal bus through a 10-amp 
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circuit breaker. It is controlled in the same manner in 
which the landing lights are controlled, remotely by 
the nose landing geat down switch, and manually by 
the taxi-landing light switch located in the upper right 
hand cornet of the landing gear control panel shown 


in figure 5-7. 


The taxi light relay and the circuit breaker ate located 
in the nose wheel well. The taxi light assembly 15 
extended and retracted by extending and retracting the 
landing geat. Тһе circuit to energize the taxi light 
relay is completed to ground through the taxi light 
switch, when closed; and terminal E and the contacts 
of the landing gear down switch when in the down and 
locked position. So much for the external lighting 


systems of the F-102A. 


INTERIOR LIGHTING SYSTEMS 
ОҒ THE Е-102А. 


The interior lighting of the F-102A consists of the 
instrument panel lights, the pilot’s console lights, thun- 
derstorm lights, the flight instrument lights, and the 
cockpit floodlights. The lighting is divided into two 
categories—edge lighting and floodlighting. Edge light- 
ing is а type of indirect or а diffused red-edge methio 
of: lighting an individual unit through а light trans- 
mitting plastic panel. Floodlighting is simply the flood- 
ing of the particular area with light. The interior 
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lighting is controlled by five powerstats installed on the 
light control panel. These powerstats ate nothing more 
ТАХ! LANDING than variable transformers. This panel is located just 
LIGHT SWITCH below the utility switch panel on the skirt of the instru- 
` ] тепе panel. The photograph of this panel is shown in 
figure 5-9. The cockpit lighting arrangement is shown 
in figure 5-8. Let's discuss instrument lighting first. 


THE INSTRUMENT PANEL LIGHTING SYSTEM. 
Lamps set in the instrument panel, which is covered 
usually by a plastic reflector panel, provide one method 
of indirect lighting for instruments. The light from 
these lamps is distributed over the entire panel. The 
reflector has openings in it for observing the various 
instruments. 


Another form of instrument lighting uses fluorescent 


81А51063 8 lighting to eliminate the glare so common іп other types 
of lighting. The lamp assembly has a special lens, which 
Figure 5-7. Landing Gear Control Panel will pass only ultraviolet light, and a screen to regulate 
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the amount of light. Another screen passes the visible 
light. Instruments used with this type of lighting have 
the dial figures painted with a material which is sensitive 
to ultraviolet light. When the invisible ultraviolet light 
is directed on the instruments, the figures are outlined 
in a soft glow and become very distinct even though 
there is no visible light coming from the lamp. 


In the F-102A, the instrument panels are made of a 
translucent plastic. The instrument panel lighting assem- 
blies are imbedded in the panel. The faces of the panels 
are coated except where illumination is desired. The 
instrument panel cutouts are chamfered, grooved, or 
beveled. This permits the transmission of the red-edge 
light from che edges of the panel cutouts to illuminate 
the instruments. 


As you probably know, an instrument panel is divided 
into sectional panels, each panel having its individual 


name, In the instrument panel lighting system, each 
of these panels has its own lamp assemblies. For 
example, the lighting control panel has five lamps, the 
cabin heat control panel, five, the pilot’s left-hand 
instrument panel five; the antenna scan panel, the radar 
control panel, and the HYD and OAT indicator panel 
three each; the left-hand and right-hand MG3 control 
panels, the target attitude panel two each; and the 
pilots instrument panel nine—forty-two lights in all. 


Тһе powerstat variable voltage step-down transformer 
is mounted on the light control panel, and controls the 
intensity of these lights, А 5-amp circuit breaker pro- 


_ tects the circuit to the lights from ØB of thè 115-volt 


a-c essential bus, This instrument light circuit breaker 
is located on the right-hand aft cockpit circuit breaker 
panel. Mi 
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Figure 5-10. Instrument Panel Lighting Circuit Schematic 


As you can see in the simplified schematic wiring 
diagram, figure 5-10, the panel lights are connected in 
parallel to the low voltage (LV) output terminal of 
the powerstat. The high voltage (HV) input is obtained 
from the a-c essential bus. The powerstat is grounded 
and has minimum output of 7.4 volts to a: maximum of 
28 volts. When the powerstat control knob is rotated 
clockwise from the OFF position, the panels are illu- 
minated with increasing intensity until che BRIGHT 
position is reached, The maximum output of the power- 
stat at this point is 28 volts. 


THE CONSOLE LIGHTS. 

The left-and-right-hand consoles are illuminated in the 
same manner as the instrument panel. Power is taken 
from the 115-volt a-c essential bus and controlled by 
the console lights powerstat. This powerstat has the 
same step-down feature as the instrument panel power- 
stat and has the same 0-to 28-volt variable control, 


There are 25 lights in the console lighting system. The 
schematic wiring diagram of this circuit is shown in 
figure 5-11. The console panels frame it. This system is 
protected by the console light 5-amp circuit breaker, 
situated in the right-hand aft circuit breaker panel. 


Each individual circuit in the system is connected in 
parallel to. the low voltage output of the powerstat. 
The high voltage input received from the a-c essential 
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bus is regulated by rotating the knob of the powerstat 
clockwise from OFF to BRIGHT. Here again, as in 
the case: of the instrument panel lights, the intensity is 
increased until the bright position is reached. The 
maximum. output at this point is 28 volts, The panels 
are red-edge lighted in the same indirect manner as 
those in the instrument lighting system. 


THUNDERSTORM LIGHTS, 


The thunderstorm lighting system consists of five lights 
and light assemblies, a thunderstorm light switch, and 
a thunderstorm light circuit breaker. The wiring sche- 
matic of this system is shown in figure 5-12. 


As the name implies, these lights. are provided for use 
during thunderstorms to reduce the blinding effect pro- 
duced by lightning. The lights are mounted one on 
the left-and right-hand reflection shields, one just above 
the left-hand console, and two above the right-hand 
console. The thunderstorm light switch is a two-way 
ON-OFF toggle switch located on the right-hand auxil- 
iary panel. It is labeled STORM LIGHTS. The thunder- 
storm 5-amp STORM. circuit breaker, which protects 
the. circuit, is located on the cockpit right-hand aft сіг- 
€uit breaker panel. 


The thunderstorm lighting circuit receives its power 
from the 28-volt 4-с non-essential bus. The circuit is 
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Figure 5-12. Thunderstorm Light Circuit Schematic 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


100 OHM 


STANDBY 
COMPASS 
LIGHT 
SWITCH 


FLIGHT 


INSTRUMENT 1555 


COCKPIT ЕН TO THUNDERSTORM 


AFT CB PANEL 


TYPICAL CIRCUIT TO 
WARNING LIGHTS 


BRIGHT OFF 


TO MASTER 
WARNING 


WARNING 
LIGHT 
DIMMING 
RELAY 


THUNDERSTORM 
RH AFT CB PANEL 
28V DC NON- 
ESSENTIAL BUS 


THUNDERSTORM 
LIGHT SWITCH 


LIGHTS 


ESSENTIAL BUS 


STANDBY COMPASS 
81М510898 


28V DC 


Figure 5-13. Flight instrument Lighting Circuit Schematic 


connected into the master warning light circuit co auto- 
matically switch the warning lights to bright, provided 
the thunderstorm light switch is ON while the flight 
instrument lights are on. 


In the circuit schematic, figure 5-12, note that when 
the thunderstorm light switch is placed in the ОМ 
position, the circuit from the flight instrument lights 
to the warning light dimming relay is opened. With the 
circuit open, power is removed from the relay, thus 
de-energizing it. Now note that current to the various 
warning light circuits which are not controlled by the 
master warning box enters at point (A), flows through 
the top contacts, bypasses the resistors, and then flows 
out through point (B). Since the resistor in each circuit 
resists current flow, the current will always take the 
easiest path provided. With the resistors out of the 
warning light circuits, their lights will illuminate 
brightly when the thunderstorm lights are ON. The cir- 
cuit to the master warning box connects to the solenoids 
in the three dimming relays in that box and provides 
the same brightness condition for the warning lights 
controlled by the master warning box as described above. 


When the thunderstorm light switch is moved to the 
OFF position, the circuit from the flight instrument 
lights is completed through this switch to the dimming 
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relays. This completed circuit energizes the warning 
light dimming relays when the flight instrument light 
rheostat is ON. Now note that when the relays are 
energized, power entering at point (А) must pass 
through the resistors to flow out point (B). This causes 
the warning lights which are independent of the master 
warning box and those lights controlled by the box to 
illuminate dimly. 


FLIGHT INSTRUMENT LIGHTING SYSTEM. 


Аз you can see in the schematic drawing, figure 5-13, 
the flight instrument lighting system contains 15 lights, 
а 100-ohm rheostat to control it, and a 5-amp flight 
instrument circuit breaker to protect it. Another portion 
of this circuit contains the standby compass, which is 
lighted internally, and a standby compass light switch. 
The output from the controlling rheostat is controlled 
indirectly by the warning light dimming relay through 
the thunderstorm light switch. The lights and their 
assemblies are imbedded in the pilot's instrument panel, 
giving red-edged lighting to the flight instruments. The 
rheostat is located on the light switch control panel. 
The flight instrument circuit breaker is in the right- 
hand cockpit aft circuit breaker panel. 


The magnetic staridby compass is located in the peak 
of the pilot's canopy. It is uséd to give a magnetic head- 
ing to the airplane in case the radio magnetic course 
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indicator becomes inoperative. А complete explanation 
of this compass—why it із used, how it is used, and 
when it із used—is given in the supplement dealing 
with instruments of this series. The light is internal, 
and the standby compass light switch is located above 
the right-hand console next to the check list lights. 


Although the standby compass light receives its power 
through the flight instrument light circuit, it has its 
own light switch, The standby compass light can be 
turned on when the flight instrument lights are on, but 
kannot be turned on when they are oft. 


Тһе 100-ohm internal on-off switch із opened by rotat- 
ing the rheostat knob counterclockwise to the OFF 
position. The switch is closed by rotating the rheostat 
clockwise from the OFF position. 


The flight instrument lights асе connected in parallel 
ло the d-c essential bus. The internal on-off switch in 
"Һе rheostat controls the brightness of the warning 
lights when the thunderstorm switch is OFF. When the 
thunderstorm lights are ON, the master warning lights 
are turned on bright by the thunderstorm light circuit, 
regardless of the position of the flight instrument light 
rheostat, Апа when the thunderstorm light switch is 
off, the slightest clockwise movement of the rheostat 
will dim the warning lights. But any additional move- 
ment clockwise will increase the brightness of the flight 
instrument lights. And when the rheostat is turned to 
full counterclockwise position, the flight instrument 
lights will be off, and the warning lights will be on 
bright. 


COCKPIT FLOODLIGHT SYSTEM, 


On the light control switch panel in figure 5-9, note 
the two powerstat variable voltage transformers labeled 
INST FLOOD and CONSOLE FLOOD. These power- 
stats control the intensity of the cockpit floodlight sys- 
tem, The system is divided into two parallel circuits, one 
to Supplement the instrument panel edge lights, and the 
other to supplement the edge lights on the consoles. 


The console floodlight system uses five lights above 
the right-hand console and seven above the left-hand 
console. They are mounted оп the under sides of the 
right- and left-hand cockpit longerons. They are mini- 
ature 4-amp, 28-volt lamps. 


The instrument floodlight system uses four lights: two 
on the underside of the left-hand instrument panel 
glare shield, and two оп the underside of the right- 
hand glare shield. 

| 

Both systems receive power, through a single 5-amp 
' circuit breaker, from the 115/200-volt a-c non-essential 
bus. The circuit breaker is located with the rest of the 
‘lighting system circuit breakers on the right-hand ак 


circuit breaker panel. See figure 5-14. 
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In both systems, the lights are connected in parallel 
with the low voltage terminal of the controlling power- 
stats. Rotating the powerstats clockwise from the OFF 
position illuminates the lights with increasing intensity 
until the BRIGHT position is reached. Ас this point 
the maximum output of the powerstats is reached— 
28 volts. 


This brings to a close the lighting systems in the F-102A 
with the exception of a word regarding the maintenance 
and inspection of the systems. In the interior systems, 
just covered, maintenance of these lights normally con- 
sists of checking the systems for burned-out lights and 
replacing the bulbs as necessary. А spare bulb stow- 
age area is provided in a container aft of the G-suit 
valve on the left-hand console. This container provides 
bulbs for use by the pilot during flight and should 
be kept filled. 


MAINTENANCE AND INSPECTION 
OF LIGHTING SYSTEMS. 


When inspecting the airplane lighting system, as in 
any electrical system, check the condition and the secur- 
ity of all visible wiring, connections, terminals, and 
switches; see that all switches and lamps are operating 
properly. You can locate the cause of many troubles 
by systematically testing each lamp circuit for continuity. 
Use a continuity checker for making these checks. 


Keep the lamp lenses and reflectors clean and highly 
polished. W'hen you find a cloudy reflector, remove the 
lacquer surface with acetone, polish the reflector sur- 
face with a mixture of lamp black and alcohol, then 
relacquer the reflector surface. If this does not remove 
the cloudiness, remove the reflector and turn it in for 
replating. Cloudy reflectors are usually caused by an 
air leak around the lens. Therefore, be sure to install 
a new gasket when you reassemble the lamp assembly. 
Likewise, pay particular attention to getting the lamps 
into proper focus and alignment. 


Inspect the condition of the sealing compound around 
the navigation and formation light frames. If you find 
leaks or cracks, fill them with new compound. 


If it becomes necessary to install a new bulb in a lamp 
assembly, you must be especially careful that the bulb 
is fitted into the socket and in the correct position. 
And—do not use force! 


SUMMARY. 


This training supplement has been written with multiple 
objectives in mind. Basically, it is written to give you 
a fuller understanding of the fundamental concepts of 
electricity and to supplement the technical orders issued 
and already in the field which deal wich the F-102A 
interceptor. Тһеге is no substitute for Technical Orders 
—they give you the hard cold facts of procedures and 
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Figure 5-14. Cockpit Floodlight Circuit Schematic 


maintenance musts. They should be studied, consulted, 
and used as prescribed. They are the official technical 
orders of your Air Force. 


The training supplement is presented as an important 
addition to your other training—as a ready reference, 
а continuous refresher course in electricity, and a daily 
reminder of sound maintenance practices. 


Chapter Ї is devoted to a general discussion of funda: 
mentals—a more-or-less knitting together of the basic 
concepts of electrical power as it relates to the F-102A, 
or to any other airplane, for that matter. Chapter II 
discusses power distribution in general, the F-102A 4-с 
generator, the controlling and. protective devices in the 
F-102A d.c electrical power distribution system, and 
the 4-с essential and non-essential bus system. 


Chapter ПІ deals historically with d-c power systems, 
and with those induced and natural environments 
encountered by any electrical component or any other 
electrical systém. À good deal of space is devoted to 
wiring; to the potted plug, and finally to the d-c electri- 
cal power systems as installed in the F-102A. Chapter 
IV explains the a-c electrical power system and its 
peculiarities, Chapter ТУ is a combination actually of 
Chapters П and ІП, but from the alternating-current 
standpoint. Those portions of Chapters II and III, such 
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as protective and controlling devices found in most 
electrical systems, environment, the potted plug, trouble 
shooting, and other subjects of a general nature are 
presented. where the content seems to merit their dis- 
cussion. Chapter V deals exclusively with the lighting 
systems а5 found in the F-102A. 


Summarily, every single word and phrase in the five 
chapters comprising this training supplement pertains 
to the Е-102А Electrical Systems in one way or another. 
If, on occasion, the writer resorts to levity to put a 
point across, he is not laughing when he does so; if 
you laugh on occasion, so much the better. Maintenance, 
however, оп a complex, modern, high-altitude, all- 
weather interceptor is a deadly serious business and 
should be treated as such. It is hoped that this supple- 
ment helps to emphasize just how serious your job 
has become and will continué to become in the future. 
As aircraft fly higher, faster, and farther, the job at 
hand will demand even more exacting knowledge. It is 
further hoped that a thorough knowledge of what is 
contained in this supplement will help you to achieve 
that all-important goal—efficiency and confidence as а 
maintenante man, and, above all, reliability, And, if it 
whets your curiosity to know more, so much the better. 


Аз а final word, throughout this supplement reference 
is made to the fact that all airplanes of the F.102A 


©- 


Ф 


—— — E += 


€ 


series do not have the same type components. Where 
this is true, we point out these exceptions to the best 
of our ability at this time. But the basic concepts are 
all there and it should not be difficult to grasp new 
modifications as they develop and are passed on to you. 
The newest and latest development information should 
"ре obtained from your Е-102А series technical orders. 
Always keep this in mind: this training supplement does 
,not replace the technical order brought to your atten- 
tion by your commanding officer and issued to you 
directly—it simply points up and correlates the knowl- 
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edge you have already accumulated and helps to direct 
your on-the-job training in maintenance techniques of 
this new airplane. More than once, from the very first 
page of this supplement, you are told that you can 
achieve the fine points of maintenance techniques only 
by actual experience—by the "doing." If you have had 
previous experience, don't let familiarity lead you up 
that dead-end street with a false sense of "know-how." 
Be sure. Be exacting. And, as we said when discussing 
cold weather operations, you may feel like a brass 
monkey out there in that bitter cold—but don’t think 
like one. 
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The F-102A Training Supplements have been pre- 
pared by Convair, А Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, with basic information con- 
cerning the F-102A airplane and its operating systems. 
There are ten of these supplements, each covering ап 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

Instruments 


s¢B 
58 134 


Each supplement describes an operating system or 
major component, how and why it operates, and main- 
tenance problems that you may encounter, The entire 
major system is further simplified by describing each 
of its subsystems separately. Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar with the functions of the major system. This 
knowledge of the airplane systems will enable you 
to use other operational, service, and maintenance 
instructions. 


Since the purpose of these publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances are not given. Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly a certain operation or condi- 
tion, You must refer to your 1Е-102А-2-4, Technical 
Order and other pertinent handbooks for specific 
values when adjusting or checking a system and its 
components. These Technical Orders are revised peri- 
odically to include the latest maintenance procedures 
and daca on the equipment installed in the Е-102А. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


Т.О. 1Е-102А-2-1 
T.O. 1F-102A-2-2 
Т.О. 1Е-102А-2-3 
Т.О. ТЕ-102А-2-4 
T.O. 1F-102A-2-5 
T.O. 1F-102A-2-6 
Т.О. ТЕ-102А-2-7 
T.O. 1F-102A-2-8 
Т.О. 1F-102A-2-9 
T.O. 1F-102A-2-10 
Т.О. 1Е-102А-2-11 
T.O. 1F-102A-2-12 
T.O. 1F-102A-2-13 


General Airplane 


Power Plant 


Fuel Supply System 


landing Gear 
Instruments 


Electrical Systems 


The Air Force is vitally interested in seeing rhat its 
équipmént functions properly and is maintained as 
efficiently аў possible. The Air Force, like a manu- 
facturer of ап automobile or commercial appliance, 
provides printed instructions for use with its equip- 
ment. The prinred instructions you will use most fre- 
quently in maintaining the Е-102А are the dash-2 


Flight Control Systems 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-Icing Systems 


Radio-Communication and Navigation Systems 
Armament and Armament Electronics ~ 
Wiring Data (F-102A) 

Т.О. 1F-102A-2-13A Wiring Data (TF-102A) 


> 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequericly so chat you will 
always have the latest maintenance information. The 
Training Supplements will help you то use chese 
Technical Orders by answering many of the “hows” 
and “whys” that may puzzle you from time го time. 
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Many of us, watching a present day high speed jet air- 
craft streak across the sky, find it hard to appreciate 
the tremendous strides taken in the past 50-odd years 
of development. Improvements in military aircraft 
ability to fly faster and higher and carry more arma- 
ment have demanded improvements in powerplant 
engineering and fuel/oil chemistry to the point that 
the turbo-jet engine has become a precision instru- 
ment. It definitely was not always this way. 


Inspection and maintenance procedures have been rad- 
ically changed and have become more and more com- 
plicated. Therefore, the knowledge of the mechanic 
must be expanded. To properly inspect and maintain 
the high speed aircraft of today with all their ad- 
vanced systems, YOU HAVE TO KNOW WHAT 
YOU ARE DOING. When you view the F-102A air- 
plane, it is certain to impress you as an intricate and 
highly advanced mechanism. The airplane loses much 
of its complexity, though, when you break it down 
into parts and study the operation of each part. 


The purpose of this training supplement is to acquaint 
you with the J57 engine as installed in the F-102A 
airplane. Much time has been spent in anticipating 
your questions about the engine and its related sys- 
tems. Every attempt has been made to make this ап 
interesting training supplement which can be used, 
not only for familiarization by che student mechanic, 
but also as a reference guide for the top mechanic in 
your squadron. The amount of information you digest 
from this supplement will determine your effective- 
ness as a member of the ground support team of the 
F-102A airplane. 


DEVELOPMENT OF THE GAS TURBINE. 


Many of us may think of the theory of the gas turbine 
as being relatively new. Actually, the gas turbine prin- 
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Figure 1-1. Hero's Aeolipile 
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Figure 1-3. Recoil and Thrust Reaction Forces 


ciple was used as far back as about 130 B. C. Ac thar 
time, Hero designed and constructed what was known 
as "Hero's Aeolipile". You will notice in figure 1-1 
that the Aeolipile was nothing more than a revolving 
boiler. Two nozzles discharged steam at right angles 
to the axis of rotation, thus imparting a spinning 
action to the boiler. The Aeolipile was nothing but a 
toy; however, it laid the ground work for later exper- 
iments which accomplished useful work. 


Possibly the earliest date аг which a machine accom- 
plished useful work was in 1629, when an Italian en- 
gineer, Giovanni Branca, designed and built the first 
actual turbine. This machine, called "Branca's Tur- 
bine Application," is illustrated in figure 1-2. Аз you 
can see, it was an open-air combustion chamber with 
a spherical boiler and a discharge nozzle directed 
against a turbine wheel. Note also how the turbine 
wheel drives the pinions which in turn, through a 
speed reducer, drive a stamp mill, This was the first 
reduction gear. It is interesting to note that Hero's 
Aeolipile, and other machines since, were of che pure 
reaction type; while in Branca's Turbine Application 
we have the first concept of the impulse wheel. 


The reaction of a mass when its velocity is changed 
may be considered jet propulsion. Newton's Laws of 
Motion state: (1) "every action produces a reaction 
which is equal in force and opposite in direction," 
(2) "the force exerted equals the mass times the rate of 
change in velocity." As an example of Newton's Laws 
of Motion, let us consider a pistol when fired, as illus- 
trated in figure 1-3. То some, it may seem chat a pistol 
recoils because of the expelled gases pushing on the 
air. This is not true—a pistol recoils іп accordance 
with Newton’s Laws of Motion. Whether a pistol is 
fired through water, ordinary atmosphere, or a vac- 
uum, the recoil in all cases is exactly the same. This, 
of course, disproves the commonly accepted idea chat 
the expelled gases push on che surrounding air. The 
high velocicy jet blast of an airplane engine may be 
considered a continuous recoil, imparting an opposite 
reaction (thrust) to rhe airplane. 


'The automobile is commonly accepted as the first 
horseless carriage, but in 1680 Isaac Newton designed 
a model steam carriage of che pure reaction type. As 
you can see in figure 1-4, it housed a jet reaction unit 
on a four-wheel chassis. In this model, combustion 
took place іп a closed combustion chamber—steam be- 
ing generated in a spherical boiler and ejected rear- 
ward through a discharge nozzle. This action propelled 
the carriage forward. The driver controlled a stream 
cock in the discharge nozzle to control the speed. This 
device aptly illustrated Newton's Law of Motion, “for 
every action there is a reaction which is equal and 
opposite in direction,” as mentioned above. 
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Figure 1-4. Newton's Carriage 


RECENT DEVELOPMENTS IN 

JET ENGINES. 

'The patent which outlined the basic form for all 
modern gas turbines was applied for on January 16, 
1930, in Great Britain, by Air Commodore Frank 
Whittle. Studying Whittle’s pacent sketch (see figure 
1-5), you will notice its similaricy to present day 
turbojet engines. Commodore Whittle first conceived 
his idea in 1928 while in his fourth term as a flight 
cadet at the R.A.F. College, Cranwell. However, it was 
noc until May 14, 1941, that his dream became a 
reality and a turbine engine was inscalled in an air- 
frame and flight tested. 


While Whittle was busy conducting tests on his en- 
gine, the Germans brought out several interesting 
designs, among which was the Jumo-004. This engine 
was interesting in that ic had an eight stage axial-flow 
compressor, six individual can-type combustion cham- 
bers, a single-stage turbine wheel, and a tail cone with 
an adjustable bullet. The compressor construction was 
interesting because of its disc design and method of 
assembly. The burners were also interesting because 
of the method of flame propagation. 


During World War II, there was a constant inter- 
change of ideas between England and che United States 
to hasten the development and production of jet en- 
ginés. Under this agreement а Whittle engine was 
brought co this country for study. The General Elec- 
tric Company was awarded a military contract to 
develop an engine for flight-test purposes. Bell Air- 
craft Company was selected to build the airframe. The 
Westinghouse Electric Company and Allison Engine 
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Figure 1-5. Whittle's Engine 


Company were both awarded military contracts for re- 
search and development in the turbojet engine field, 
At the same time, the Rolls-Royce Company of Eng- 
land was given the original Whittle Engine to develop. 
After a series of modifications and improvements, the 
Rolls-Royce "Мепе” engine was produced. This engine 
was tested in che United States and the rights го pro- 
duce it were purchased by the Pratt & Whitney Air- 
craft Engine Company. Many improvements and con- 
formances to American standards have subsequently 
been made on the engine. Many organizations in the 
United Staces are currently working on numerous 
experimental engines. іп view of this and the vast 
amount of engineering hours devoted to research and 
development, it is safe го conclude that the jet engine 
is here to stay. 


TYPES OF JET ENGINES. 


At this point, it becomes obvious that the term “jet 
engine" in itself means very little. Many different 
types of jet engines are being developed and produced. 
Аз a result of all chis research and development we 
now have aviation gas turbines, athodyds, and rockets 
—all of which will be explained in the following 
paragraphs. 


AVIATION GAS TURBINES. 


Turbojet engines fall into two categories. They are 
either of the axial-flow or the centrifugal-flow type. 
Тһе turbo-prop engine also falls into either of these 
categories; however, it is usually an axial-flow design 
incorporating a propeller. From figure 1-б, you can 
see the primary design differences between these types. 
Each has its advantages and disadvantages. For in- 
stance, the axial-flow design is more efficient because 
of its high pressure rise; but its manufacturing costs 
are greater, it is less stable, and its over-all length is 
greater. The centrifugal-flow design is more stable 
and is cheaper to manufacture; but it has a limited 
pressure rise. Also, its diameter is greater, and, as a 
result, the airframe can not be as streamlined as wich 
the other design. 


ATHODYDS. 


Athodyds fall into two separate and distinct types— 
the pulse-jec and che гат-јег. The pulse-jet, like other 
jet engines, creates its propulsive force by accelerating 
the airstream passing through the engine. The out- 
standing characteristic of the pulse-jet is that the air is 
admitted into che combustion chamber through shut- 
ters or flapper valves in gusts, thereby causing the jet 
to be intermittent (pulse). The ability of the ram-jet 
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Figure 1-8. Rockets 


to produce thrust depends on the velocity change in 
the same manner as any other reaction engine. It can 
be defined as a compressorless engine which depends 
upon the conversion of energy of the incoming air for 
its compression pressure. Figure 1.7 shows a cross- 
sectional schematic of both types of athodyds. 


ВОСКЕТ5, 


Тһе rocket develops thrust Бу accelerating large quan- 
tities of gases generated by the chemical reaction of 
self-contained propellants, The chemical reaction is 
produced by mixing two propellants together inside 
the rocker. Figure 1-8 shows the principal elements of 
а bi-propellant liquid-fueled rocket. Notice, it has 
nothing more than a combustion chamber and a con- 
verging exhaust nozzle. The propellant gases are 
produced in the combustion chamber at pressures 
governed by the chemical characteristics of the pro- 
pellants, their rate of consumption, and the cross- 
sectional area of the nozzle throat, "The gases are 
exhausted into the atmosphere through the nozzle at 
Supersonic speed. The nozzle converts the pressure of 
the propellant gases into active energy. Тһе reaction to 
the discharged propellant gases is the thrust developed 
by the rocket. 


6 


The propellants employed in a rocket may be a solid, 
two liquids (fuel plus oxidizer), or materials contain- 
ing an adequate supply of available oxygen in their 
chemical composition. 


THE J57 ENGINE AND ITS COMPONENTS. 


Whether you are an experienced or inexperienced 
mechanic, ог whether you have had a wide variety of 
jet engine maintenance experience or have only re- 
cently graduated from Air Force Technical School, 
this engine should prove a challenge. 


There are two engine models installed in the F-102A 
airplane. The earlier airplanes have a Pratt & Whitney 
J57-P-41 series engine which develops 14,800 pounds 
static thrust at sea level with afterburning. On later 
airplanes, a ]57-P-23 series engine rated аг 16,000 
pounds static thrust at sea level with afterburner 
is installed. Figure 1-9 shows the main physical differ- 
ences in the two engines. 


Both engine models are of a unique design in that 
each incorporates а dual-spool compressor section (two 
separate compressors) working in conjunction with a 
three-stage turbine section (three turbine wheels). The 
compressors have an inter-compressor bleed system for 
matching compressor outputs throughout the engine 
operating range. Burner "can" construction is interest- 
ing because of the method of flame propagation and 
control of the flame within the "can." These two. fac- 
tors will be discussed later in Chapter П when you 
will learn about the engine fuel system. On earlier 
engines, the afterburner has a two-position iris-type 
(opens like a flower) discharge nozzle with 24 actuat- 
ing cylinders. The later engine has a two-position 
flap-type (eight segments) afterburner discharge noz- 
zle with only eight actuating cylinders. In figure 1-10 
the two types of afterburner discharge nozzles are 
shown. 


The engine is installed in the aft section of the fuse- 
lage. Because of the engine location, a split-type (dual) 
air intake duct, converging into a single duct just 
forward of the inler guide vanes, is necessary. Remov- 
ing and installing che engine is accomplished from che 
aft end of the airplane. This practice is necessary 
because of che "delta wing" design which prevents 
the more conventional method of "breaking" the fuse- 
lage and handling the engine from the fuselage "break 
point," The lubrication system is an engine-contained 
system with the exception of the аіг/оі! cooler which 
is supplied Бу the airframe manufacturer. Fuel is sup- 
plied to che engine from six wing fuel tanks with a 
total usable fuel capacity of approximately 1070 US. 
gallons. 'There are also provisions for the installation 
of jettisonable external wing fuel tanks. As you can 
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see, we have соте а long way since the l6-horsepower 
machine the Wright Brothers flew аг Kittyhawk in 
1903. 


COMPRESSOR SECTION. 


From the sectional view of rhe illustration in figure 
1-11, you can see that the forward М, (low pressure) 
compressor is made up of nine rotor stages, eight disk 
spacers, and a front and rear hub. The stator, or fixed, 
blades, are located radially between the rotor blades 
and are attached to the compressor case. The aft М, 
(high pressure) compressor is made up of seven rotor 
stages and six fixed blade stages. All rotating blades 
are relieved or have "thinned" tips to allow for closer 
tip tolerances. They are fitted to their rotor disks by 
contoured slots and are secured with clips. The blades 
are not rigidly attached, rather, each blade actually 
has a small amount of "play" or freedom of movement. 


COMBUSTION SECTION (BURNER SECTION). 


Compressor sixteenth-stage air pressure passes through 
the diffuser section that directs the airflow into the 
combustion area. The fuel manifold and nozzles are 
mounted on the burner cans and discharge fuel into 
the cans. The burner section housing is attached to the 
diffuser rear flange and contains the eight horizontal, 
radially-mounted and interconnected combustion cham- 
bers. Ав you can see in figure 1-12, «һе combustion 
chamber consists of perforated outer and inner liners. 
It has six openings on the forward face that align 
with the fuel nozzles. The cans can be removed indi- 
vidually and are basically interchangeable. The odd- 
numbered cans have female interconnect flame tubes, 
and the even-numbered ones have male interconnects. 
Because of this the odd-numbered cans are only inter- 
changeable with other odd-numbered cans and even- 
numbered cans wich other even-numbered cans. Мо. 4 
and No. 5 burner cans have openings for igniter plugs 
(spark ірпігег guide). There is no pressure rise in the 
burner "can" despite the face that combustion takes 
place within the can, producing both a temperature 
and a velocity increase. Actually, pressures at the tur- 
bine inlet are lower than those in the diffuser section. 
The turbine inlet collects the combustion section gases 
and adapts the gas flow to the turbine. The expansion 
of gases takes place across the turbines, furnishing the 
power required to drive the turbines. Іс is'also inter- 
esting to note that the combustion is contained within 
the can; there is no flame passing through the turbine 
stages except during afterburner ignition. 


TURBINE SECTION. 


As noted previously, the turbine section is made up of 
three stages. Ав you can see from figure 1-11, the first 
stage turbine drives the aft or high-pressure com- 
pressor rotor. Моге also how the final cwo-intercon- 
nected stages drive the forward or low-pressure com- 
pressor rotor. Fixed vanes are incorporated in the 
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turbine inlet, with stator blades located between the 
turbine stages. The shrouded turbine blade tips pro- 
vide a good seal and permit thinner blade sections. 
The rotating blades are attached to the curbine disk 
by “fir tree” serrations and are secured by rivets lying 
fore and aft at the top of each “fir tree." The shrouded 
blade tips are scarf cut (cut on an angle) and inter- 
lock with adjacent tip shrouds; however, a small gap 
exists between adjacent tip shroud edges on the first 
and second turbine stages, permitting a small amount 
of “play.” The third stage turbine blades are attached 
to the disk in the same manner, Бас are without the 
shroud edge gap in the static condition, During engine 
operation, however, the forces on the blades result in 
a small edge gap and blade freedom—similar to that 
found in stages 1 and 2. Seals, shaped like a knife-edge, 
are used to prevent the gases from entering the rotor 
base areas, and fixed turbine exit vanes straighten this 
air flow as it leaves the turbine. The turbine rear 
bearing support is secured by eight rods projecting 
radially through the turbine exhaust cast struts. 


AFTERBURNER SECTION. 


Normal engine thrust is augmented by afterburning 
such as needed for take-off, climb, or for any other 
flight condition requiring additional thrust. After- 
burner operation usually increases normal engine 
thrust by approximately 50 per cent. This thrust aug- 
mentation results from the ignition of fuel introduced 
into the afterburner for this purpose. The oxygen that 
is necessary for combustion is furnished by the surplus 
air that is not required during the normal engine 
combustion process. Although afterburning is far from 
efficient, fuel-wise, it provides a relatively simple 
means of augmenting normal engine thrust. 


The afterburner is merely à ram-jet type engine at- 
tached то the engine turbine section. Іс is composed 
of a diffuser section, burner section, and a variable 
nozzle. Looking at figure 1-13, you will see (һас fuel 
is introduced through 24 spraybars in che diffuser 
section, This fuel is ignited by the "hor streak" igni- 
tion method. In this "hot streak" type of ignition, the 
igniter valve introduces a small amount of fuel into 
No. 3 burner can. This momentary enrichment results 
in а flame—extending through the turbine blades— 
which ignites the fuel ac (һе afterburner spraybars. 
Three circular flame holders, located in the diffuser 
section, retain the flame within the afterburner. A гуо- 
position pneumatically operated exhaust nozzle is 
automatically opened (during afterburning) and closed 
(for normal engine operation). During afterburner 
operation, the opening of the exhaust nozzle insures 
normal tailpipe temperatures and pressures. 


The afterburner is a cantilever structure chat features 
a double-wall construction in the aft portion for rigid- 
ity and cooling purposes. Afrerburner fuel pressure 
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Figure 1-13. Afterburner Components 


actuates the exhaust nozzle control valve, which ports 
sixteenth-stage air pressure to the OPEN side of the 
nozzle actuating cylinders. When afterburner fuel 
pressure falls off, spring pressure in che exhaust nozzle 
control valve ports sixteenth-stage air pressure to the 
CLOSE side of the nozzle actuating cylinders. 


ACCESSORY SECTION. 


The accessory section is located at the bottom of the 


engine in the "wasp waist" or smallest cross sectional 
area, as shown in figure 1-14. Power to drive this acces- 
sory section is taken from the high-pressure com- 
pressor rotor's rear hub—transmitced through match- 
ing gears on a canted shaft and forward through the 


horizontal shaft to the accessory drive case—at a ratio 


of 7 to 1. Driven units are the two hydraulic pumps 
(17) and (40), the pneumatic starter (16), the tachom- 
eter-generator (mounted on the forward face of the 
fuel pump/transfer valve (21), and the engine fuel 
control (35), located on the right and left aft face of 
the accessory drive housing, respectively). Other com- 
ponents located in this area are the fuel pressurizing 
and dump valve (28) and the two ignition transformers 
(26) and (33). The afterburner (А/В) igniter valve 
(2), A/B fuel regulator (23) and the exhaust nozzle 
control valve (27) are located on the right side of che 
engine in the “wasp waist" area. The Sundstrand 
constant-speed drive unit (39) is mounted between the 
starter and the mounting pad. Notice that some fuel 
and oil system components are located in this area too 
—these will be discussed later in this supplement. 
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Figure 1-14. Accessory Section 
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Figure 1-15. Compressor Bleed System 


COMPRESSOR BLEED SYSTEM. 


The compressor bleed system is used to maintain the 
best rpm and pressure relationship between che N, and 
М, compressors throughout che engine operating range. 
Its primary function is to minimize the possibility of 
compressor stall during acceleration and deceleration. 
The J57-P-41 engine incorporates two bleed valves, 
while the )57-Р-23 engine features a single bleed 
valve. The function of both engine bleed systems is 
identical, but for clarity we shall study the dual bleed 
valve system. The two bleed valves and their actuators 
are located on either side of the top center line of the 
"wasp waist" section. The compressor bleed governor 
is mounted on the М; accessory section co control the 
bleed valve operation. Ас low power settings both 
bleed valves are open and a portion of N, compressor 
outlet is уепгей overboard. These two valves do not 


operate simultaneously; instead, during engine ассе)- 
eration the right valve closes first and the left valve 
closes shortly thereafter. During engine deceleration 
the left valve opens first and the right valve opens 
later as engine speed is reduced. This operation is 
entirely automatic. The bleed valves are controlled by 
the compressor bleed governor, which senses М; rpm, 
along with temperature and pressure, at the inlet guide 
vanes. Varying low pressure compressor speeds, biased 
by inlet air temperature and pressure, position the 
pilot valves which direct sixteenth-stage (air pressure 
bled from the last stage of М, compressor) air pres- 
sure to either the OPEN or CLOSE side of the two 
bleed valve actuators. 


ENGINE ANTI-ICING SYSTEM. 


To prevent ice accumulation on the inlet guide vanes, 
heated sixteenth-stage air pressure is ducted through 
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Figure 1-16. Anti-Icing System 


hollow vanes. Figure 1-16 shows the two separate air 
lines leading forward from the diffuser section to 
the chamber surrounding the inlet guide vanes and 
through the vanes. Airflow is controlled directly by 
the two electrically-operated anti-ice air valves and 
indirectly by the cwo anti-ice air regulators. 


The two air valves open when the anti-icing system 
is initiated by the engine anti-ice detector system. 
When the valves are open, air from che compressor 
diffuser section is routed to che inlet guide vanes. The 
anti-ice air regulators—located directly upstream from 
the shutoff valves—automatically control the air flow. 
Each regulator contains а Бі-тегаПіс coil spring that 
moves its valve toward the CLOSED position as the 
air temperature increases. Accordingly, airflow го che 
inlet guide vanes proportionately reduces as the anti- 
icing air remperature rises. 


Notice that anti-icing air flows from che inlet guide 
vane outer chamber—between the outer case of the 
inlet guide vane and the outer shroud — inward 
through rhe hollow vanes to the inner chamber— 
between the inlet guide vane inner shroud and the 
inlec guide vane air passage cone. You can see that air 
flows forward from the guide vane roots chrough the 
double wall accessory section fairing and exits айс of 
the nose cap. 
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ENGINE MAIN BEARINGS. 


Seven main bearings support and maintain alignment 
of the compressors, drive shafts, and turbines. You 
can find the exact location of the seven main bearings 
in figure 1-17. Bearing No. 1—а roller bearing lo- 
cated in the center of the forward compressor guide 
vane housing—supports the low pressure rotor front 
hub. A matched pair of ball bearings—attached to the 
Compressor intermediate bearing support housing— 
make up the No. 2 thrust bearing that supports the 
low-pressure rotor rear hub. The high-pressure rotor 
front hub is supported by Мо. 3 roller bearing whose 
inner race is secured to the N, compressor rear hub. 
Тһе second pair of matched ball bearings make up the 
Мо, 4 thrust bearing that supports the aft compressor 
rear hub. The bearing housing is secured to the dif- 
fuser case center section, and the inner race bears on 
the high pressure compressor drive shaft. Bearing No. 
4.5 is che intershaft bearing and is located about half- 
way between bearing No. 4 and No. 5. The inner 
race of this roller bearing is secured to the forward 
rotor drive shaft, and the outer race bears against the 
inner surface of the aft rotor drive shaft. The first 
stage turbine is supported by another roller bearing, 
iNo. 5, whose outer race is attached to the aft section 
of the turbine front bearing support structure. Bear- 
ing No. 6 supports the two rear turbine stages. The 
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Figure 1-17. Engine Main Bearings 


inner race of this roller bearing bears on the turbine 
rear hub; the outer race is supported by the turbine 
rear support. This support is secured by eight support 
rods projecting radially through the struts and ending 
in support journals on the outside of the case. 


These bearings incorporate spring-loaded hard carbon 
seals to control oil leakage. Two of these seal rings are 
located aft of Мо. 1 bearing. Мо. 2 bearing has two 
seals located ahead of the bearing installation. Two 
smaller ring seals for No. 3 bearing are located aft of 
the bearing in the seal housing. Two carbon rings, 
aided by knife-edged seals, are located ahead of No. 4 
bearing assembly. Oil escaping from Мо. 4.5 bearing 
is prevented from flowing aft between the two shafts 
by a pair of ring seals. 'Two more ring seals are lo- 
cated aft of No. 5 bearing to prevent oil leakage into 
the turbine area. Bearing Мо. 6 is sealed by two carbon 
ring seals located ahead of the bearing. 


SUNDSTRAND CONSTANT-SPEED DRIVE UNIT. 


Тһе constant-speed. drive unit is incorporated in the 
F-102A airplane engine installation for the purpose 
of driving the a-c and d-c generators, and also as a 
mounting pad for the engine srarter. You can see that 
the drive consists of an engine mounted gear box, an 
interconnecting drive shaft, and an airframe mounted 
transmission and gear box assembly. The engine 
mounted gear box has a mounting pad for the engine 
starter. This gear box is directly connected to the 
engine compressor shaft by bevel gears. 


The airframe mounted transmission and gear box 
assembly has two mounting pads, one for the a-c gen- 
erator and one for the d-c generator. When che engine 
із operating, its rotation is transmitted from che engine 
mounted gear box, to the interconnecting drive shaft, 


to the airframe mounted transmission and gear box 
assembly, and finally drives both the a-c and the фс 
generators. 


Аз has been previously mentioned, the airframe- 
mounted transmission and gear box assembly has a 
mounting pad for the a-c and d-c generators. The 
a-c generator mounting pad provides rotation for 
the a-c generator in а counterclockwise direction 
(facing the pad) at a constant speed of 6000 (--60) 
rpm, when the input (engine rotation speed) to the 
engine mounted gear box varies between 3585 to 
7020 rpm. The 4-с generator rotational speed is not 
as critical as that of the a-c generator—as a result, it 
is driven at a direct ratio to engine rpm. 


OPERATION OF THE J57 ENGINE. 


Air entering the intake ducts of the airplane is di- 
rected into the forward N, low pressure compressor 
by the intake section inlet guide vanes. The action of 
the rotor blades against the stator blades increases the 
pressure of che incoming air. From che М, compressor, 
the air enters «һе aft IN; high pressure compressor and 
is further compressed through seven stages of rotor 
and stator blades. At this time, there is a relatively 
high pressure increase accompanied by a slight velocity 
decrease. This velocity decrease is necessary to prevent 
the flame from blowing out in the combustion 
chambers. 


Аз the air pressure leaves the М, compressor, it enters 
the burner section combustion chambers where it is 
mixed with injected fuel and ignited by two igniter 
plugs. All burner "cans" are interconnected, which 
permits simultaneous combustion in all eight "cans." 
Six spray nozzles in each "can" control the fuel spray 
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pattern, which in turn controls the flame pattern 
within the "cans." Rapidly expanding gases move aft 
through a three-stage turbine to drive the turbine 
wheels. The second and third stages of the turbine 
are directly connected to che М, compressor by a 
common shaft, and the first stage turbine is directly 
connected to the N, compressor shaft. Both drive 
shafts operate independently and rotate freely at their 
own speeds. The expanding gases force or drive the 
turbine wheels to turn at a high rpm. They in turn 
rotate the compressors at the same rmp. This causes 
air to enter the engine air intakes to provide the mass 
airflow to produce thrust. There is ап intercompressor 
bleed system which will balance the two compressor 
outputs automatically should they become unbalanced. 
This increases engine efficiency and stability. Each 
of the earlier )57 engines has a dual intercompressor 
bleed valve, while later engines have single valves. 


А$ these rapidly expanding gases speed rearward out 
of the tailpipe, they create a reaction in the opposite 
direction. This reaction produces the forward thrust 
necessary to move the airplane. 
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When the power lever in che cockpit is positioned in- 
to the afterburner detent, fuel is injected into the tail- 
pipe by 24 spraybars and ignited by a flame from the 
No. 3 burner "can." There are three "V" shaped cir- 
cular flame holders in the tailpipe which control the 
flame pattern within the afterburner. The two-posi- 
tion discharge nozzle opens, afterburner ignition takes 
place, and steady afterburning begins. As the chroctle 
is retarded, fuel is shut off to the afterburner, the dis- 
charge nozzle is closed, and normal engine operation 
continues. 


SUMMARY. 


In this chapter you have learned about the J57 en- 
gine, its operation, its design features, and the phy- 
sical location of components. By this time you should 
feel well acquainted with the engine and its closely 
related systems. If not, you should review this chap- 
ter before starting the next. 


In the next chapter you will learn about the 157 en- 


gine systems—this will aid you in understanding the 
complete engine and its operation. 
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In а turbojet engine, such as the J57, the compressor 
and turbine wheels are mounted on a single shaft at 
opposite ends of the combustion area. When combus- 
tion takes place, the rapidly expanding gases flow 
through the turbine wheel vanes and cause che wheel 
to rotate. When the turbine wheel rotates, it drives 
the compressor, which packs air into the combustion 
areas. The increased combustion pressure imparts ad- 
ditional force го the expanding gases. This is che com- 
bustion cycle in a turbojet engine; and if chere is some 
means of starting the rotation and combustion, the 
engine will produce a continuous flow of power. 


1n addition to the basic part, which accomplishes the 
combustion cycle, every turbojet engine must also 
have several associate systems. These associate systems 
function to assure that che engine will produce its 
continuous flow of power in the best operating con- 
ditions possible. In this chapter you will learn abour 
the major associate systems in the J57 engine. These 
include the fuel, oil, starting and ignition, induction 
and cooling, and anti-icing systems. 


THE J57 ENGINE AND 
AFTERBURNER FUEL SYSTEM. 


The acceleration and deceleration control of a piston- 
type engine is usually accomplished by the throttle 
through the mechanical linkage between the throttle 
and the carburetor, and a similar arrangement for 
controlling the pitch of the propeller. With this type 


of installation, the rate of engine acceleration and de- 
celeration is directly proportional to the rate of move- 
теті of these two controls in the cockpit. This con- 
dition, however, does пог exist on jer engines. 


During the very early stages of jet engine development, 
it was learned that rapid movement of the throttle 
in either direction usually resulted in a rich blow-out 
or a lean die-out of the flame in the engine combus- 
tion chambers. Blow-out merely means that if the 
engine operator moves the throttle forward соо гар- 
idly, he injects too much fuel into the combustion 
chambers and the flame is blown out. Conversely, if 
he retards the throttle too rapidly, the engine flame 
dies out from lack of fuel. Since most pilots were ac- 
customed to the piston-engine type of fuel controls, 
blow-out and die-out in early jet operation were quite 
common. Power plant design engineers decided that 
the best solution was to relieve the pilot of all direct 
control over the engine acceleration and deceleration 
rate. This decision led to the development of the auto- 
matic fuel control unit, which is more commonly 
called the main fuel control. 


The main fuel control allows che jet engine to ac- 
celerate and decelerate at a predetermined safe rare, 
thereby reducing the possibility of a flameour. This 
rate of acceleration and deceleration is kept constant 
by the main fuel control even though the power lever 
in the cockpit is moved rapidly. Аз you learn about 
the J57 engine fuel system in this chapter, you will 
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discover how the main fuel control unit governs both 
of these functions and relieves the pilot of almost all 
of the responsibilities of monitoring the fuel to the 
engine. 


The J57 engine and afterburner fuel system is de- 
signed to schedule fuel in che proper amounts ro the 
engine under all conditions of flight. This fuel system 
will supply the correct amount of fuel for fixed-power 
settings at varying temperatures and altitudes. The 
system will also permit proper engine acceleration 
and deceleration—without exceeding engine limita- 
tions, experiencing lean or rich blow-out, or experi- 
encing compressor surge. 


Although the engine and afterburner fuel system is 
designed to function as one individual fuel system, 
it will be treated in this manual as if it were com- 
posed of two subsystems—the engine main fuel sys- 
tem and the afterburner fuel system. The engine main 
fuel system meters fuel according to the requirements 
of the engine for any given power lever setting. The 
afterburner fuel system schedules the fuel for after- 
burner operation, actuates (Ве exhaust nozzle control 
valve, and initiates afterburner ignition. 


The engine-driven fuel pump/transfer valve is the 
only component that is common to both the engine 
and afterburner fuel systems. It is a combination unit 
with one part of the unit functioning as the fuel 
pump for both fuel systems and спе other part of the 
unit scheduling fuel to the afterburner fuel system 
whenever required. The transfer valve part of this 
combination component also includes a safety device 
which automatically switches the fuel flow from the 
afterburner fuel system to che engine main fuel sys- 
tem in the event that спе fuel pump for the engine 
main fuel system fails. 


The components іп the engine main fuel system in- 
clude the fuel pump/transfer valve, the main fuel 
control unit, the fuel flowmeter, the fuel/oil cooler, 
the pressurization and dump valve, and the burner 
nozzles and manifolds. 


The afterburner fuel system components are the fuel 
pump/transfer valve, the afterburner fuel regulator, 
the igniter valve, che exhaust nozzle control valve, che 
manual afterburner shutoff valve, and the fuel spray- 
bars and manifolds. 


THE ENGINE POWER CONTROL SYSTEM. 


Тһе pilot’s power lever control quadrant is located 
on the left side of che F-102A cockpit. The movement 
of the power lever is transmitted mechanically to che 
engine main fuel control unit and ro the mechanically- 
operated afterburner shutoff valve. As you will nore 
in figure 2-1, a Teleflex cable installation connects the 
power lever quadrant bellcrank to the control mech- 
anism in the left side of the engine compartment, This 
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aft contro! mechanism is attached to a bellcrank оп 
the engine control cross-over shafc Solid linkage con- 
nects the bellcrank to the fuel control unit and to 
the afterburner shutoff valve. 


Тһе slot іп the power lever control quadrant permits 
fore and aft movement of the power lever. It also per- 
mits the power lever to be moved outboard and in- 
board to a limited degree. The fore and aft move- 
ment of the power lever is transmitted mechanically 
to the fuel control unit by means of the Teleflex cable 
installation. The inboard and outboard motion of the 
power lever actuates microswitches in the quadrant 
which control the engine starting and afterburner 
initiation. 


In figure 2-2, note сћас the fore and aft motion of 
the power lever is affected by both internal and ex- 
ternal detents and а trigger-operated mechanical stop 
(power lever trigger). The decents serve а two-fold 
function; they prevent the pilot from inadvertently 
moving the power lever to some undesirable position, 
such as retarding the lever to the OFF position, and 
the like; they also assure that che power lever must 
be moved in such a manner that it will actuate the 
microswitches inside the quadrant. 


А flat pattern. of the quadrant slot is shown in the 
right hand portion of figure 2-2. Note che START 
decent which permits the lower lever to be moved 
outboard from the OFF position. This detent also 
limits the forward movement of the power lever 
when the lever is positioned to the extreme outboard 
side of the lever slot. ТЕ the power lever is to be 
moved forward beyond the START detent, che lever 
must be returned to the inboard side of the lever slot 
so thar іс will clear the IDLE decent. From the IDLE 
position, the power lever can be advanced forward 
still further until it reaches che FULL MIL POWER 
position. At this point, a mechanical stop prevents 
advancing the power lever any farther until the trig- 
ger on the power lever is depressed. When the oper- 
ator pushes this trigger down, he can move the power 
lever from the FULL MIL POWER position to the 
TAKE OFF position. Movement of the power lever 
from the FULL MIL POWER position to TAKE OFT 
does not increase engine power; that is, rhe move- 
ment does not increase the amount of fuel that is 
delivered со the engine—the power lever movement 
merely positions the mechanical takeoff locks іп the 
fuel control unit. These fail-safe takeoff locks prevent 
loss of engine power in che event of a malfunction 
in the burner pressure or inlet pressure sensing sys- 
tems. The mechanical takeoff locks in the fuel con- 
trol unit will be explained in greater detail later іп 
this chapter. 


When the power lever has been advanced to abour 
80% power, the AFTERBURNER detent in the quad- 
rant cover allows the power lever to be positioned 
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Figure 2-1. Power Lever Control System 
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outboard. Аз the power lever is pushed outboard іп 
this detent, it actuates microswitches inside the quad- 
rant to initiate afterburning. A spring-loaded ball de- 
tent holds «һе power lever іп the AFTERBURNER 
derent. The afterburning operation is normally stopped 
by bringing the power lever back to the inboard side 
of the quadrant, thus de-activating che microswitches 
in the quadrant. The power lever has to be retarded 
about five degrees from the full forward position be- 
fore it сап be brought out of the AFTERBURNER 
detent, This feature insures against the possibility of 
inadvertently stopping afterburning during take off. 
А mechanically-operated afterburner shutoff valve 
{controlled by the power lever movement) stops after- 
burning when the power lever is retarded below 80% 
power. 


During power reduction the power lever contacts the 
IDLE detent in che quadrant cover, А slight outboard 
movement of the lever allows the lever co clear rhe 
IDLE detent and be retarded still farther back into 
the OFF position. 


Referring back го figure 2-1, note that both the power 
lever quadrant and che engine compartment aft bell- 
crank have adjustable mechanical stops which limit 
power lever movement, These mechanical stops are 
preset оп all airplanes. Normally you мій not have 
to adjust these stops unless you are installing а new 
Тејећех cable assembly, Even when the engine is 
changed, the power control rigging is пог disturbed, 
and adjustment of the mechanical stops is пог ге. > 
quired. 


Rigging the power lever linkage after bellcrank or 
Teleflex cable replacement, however, should not pre- 
sent any complex problems. Before artempting to se- 
cure any part of the linkage, you must insert rig pins 
in both the power lever and engine aft bellcranks. 
The rig pins will keep the two bellcranks in their 
OFF positions while you inscall the Teleflex cable 
assembly, Borh of the adjustable mechanical stops on 
the belicranks should be backed off so that they will 
not interfere with the rigging process, When install- 
ing a new Teleflex cable assembly, you must adjust 
the rod end at each end of the cable until che rod end 
linkage bolts can be inserted. Do not remove the rig- 
ging pins until all bolts have been tightened and all 
safecying completed. 


THE ENGINE FUEL SYSTEM. 


The engine fuel system is usually considered to be 
the heart of the engine. This fuel system performs 
two essential functions: first, іс provides a means for 
controlling the engine power ourpur; and, secondly, 
it schedules che fuel to the engine as required for 
varing engine operation condicions. Power regulation 
could possibly be accomplished by controlling the 
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air flow at the engine air intake. However, (һе me- 
chanical problems imposed by such a control system 
make this type of installation very impractical. Ас- 
cordingly, the fuel flow rather than the air flow is 
regulated in the |57 engine. 


Modern jet engine design permits the pilot to select 
a power setting by merely positioning the power 
lever. The fuel control unit will then schedule suffi- 
cient fuel to prevent rich mixture blow-out during 
acceleration, lean mixture die-out during deceleration, 
and provide correct fuel flows for varying engine oper- 
ating conditions during fixed power lever settings. 


Ав mentioned earlier, che engine fuel system consists 
of an engine-driven fuel pump/transfer valve, che fuel 
control, fuel flowmeter, fuel/oil cooler, pressurizing 
and dump valve, and burner nozzles and manifolds. 
Figure 2-3, shows the entire engine fuel system. In 
these first few paragraphs you will be given a general 
description. of the fuel system. Then, each compo- 
nent in the system will be discussed in detail. 


Note on figure 2-3 that the fuel flows from the fuel 
pump/transfer valve to the main fuel control unit. 
This main fuel control unit has both a primary (пог- 
mal) and an emergency metering system. The primary 
fuel system meters fuel automatically to che engine 
during normal operation. This automatic fuel meter- 
ing is accomplished by the fuel control governor fly- 
weight reaction against che power lever position. The 
amount of flyweight reaction is dependent upon che 
М, compressor pressure and the pressure in the burner 
"cans." As a safety feature іп the primary fuel sys- 
tem, mechanical takeoff locks are incorporated in the 
fuel control unit to assure an adequate fuel flow dur- 
ing takeoff іп the event that either of the pressure 
sensing systems fail. The emergency fuel system of 
the fuel control unit is entirely separate from the 
primary fuel system. Fuel metering during emer- 
gency operations is directly dependent upon the po- 
sition of the power lever. There is, however, a device 
for limited alritude compensation in the emergency 
fuel system. 


Referring to figure 2-3 note that the fuel flows from 
the fuel control unit through rhe fuel flowmeter, chen 
passes through the fuel/oil cooler into the pressuriza- 
tion and dump valve. Fuel from this valve flows го 
the fuel nozzle manifolds located in che engine hurner 
section. Each of «ће eight burner cans incorporate 
dual fuel nozzles with primary and secondary 


openings. 


How the Fuel Control Primary 
Fuel System Operates. 


Тһе main fuel control unit is the only component 
in che engine fuel system which the pilot can directly 
control. As a result, the fuel control unit is the most 
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Figure 2-3. 157 Engine Fuel System Schematic (Sheet 1 of 2) 
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important single unit in the entire engine fuel sys- 
tem. This component provides fuel to the engine 
burner section at the proper volume and pressure to 
maintain the engine performance as demanded by the 
power lever setting. 


То perform these functions properly, the fuel control 
must be able to: provide acceleration control so that 
turbine temperatures are not exceeded and a flame-out 
condition or compressor stall is not experienced; pro- 
vide deceleration control without lean mixture die- 
out; maintain a constant power setting regardless of 
altitude, air temperature, or airspeed; and provide 
emergency fuel without engine failure in the event 
the normal engine fuel system fails. 


Fuel control units vary with different engine installa- 
tions; however, by studying one particular type, the 
basic function of all fuel control units may be under- 
stood. The type discussed in this manual is the hydro- 
mechanical fuel control unit used on the J57 engine, 
which is shown in figure 2-4. 


The main fuel control unit is mounted on the lower 
left side of the engine accessory drive housing. This 
unit is driven at a ratio of 0.344 то 1. Its basic func- 
tion, as a speed-density fuel control, is to schedule 
fuel to the burner cans for normal engine operation 
without exceeding the engine limits. Fuel require- 
ments are determined by the engine operating condi- 
tions and the position of the power lever. Thus, the 
fuel control unit is basically a speed governor that is 
biased by burner pressure and inlet air temperature. 


Тһе following paragraphs explain how the fuel con- 
trol unit operates. By frequently referring to the sche- 
matic of the engine fuel system, (figure 2-3), as you 
read these paragraphs, you will obtain a better un- 
derstanding of the main fuel control unit and its 
functions. 


The primary fuel system supplies fuel for normal en- 
gine operation. Following the fuel flow from the 
pressure outlet of the fuel pump/transfer valve, see 
figure 2-3, you will note that fuel enters the fuel con- 
trol unit and immediately passes through the spring- 
loaded fuel inlet filter. If che filter should become 
clogged, the incoming fuel will force che filter from 
its seat and bypass unfiltered fuel into the fuel con- 
trol unit. Downstream from the filter, the fuel flow 
is divided—one fuel passage leads to the fuel meter- 
ing valve, the second passage leads to the anti-spring 
side of the emergency shuttle valve in the upper part 
of the fuel control unit, and the third passage leads 
to the constant-head bypass valve. The constant-head 
bypass valve gets its name from the description of 
its job—it maintains a constant fuel head (pressure) 
across the fuel metering valve. The fuel in excess of 
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that required by the metering valve is routed by the 
bypass valve back to the fuel pump/transfer valve. 
In the schematic of the engine fuel system, figure 2-3, 
this return flow is shown in yellow. 


Metered fuel enters the hydraulically-balanced emer- 
gency shuttle valve (which is held open by spring 
pressure) and then flows to a cutoff valve. As shown 
in figure 2-3 this cutoff valve is mechanically operated 
by the power lever and the valve is always open when 
the engine is operating. As the fuel flows from the 
cutoff valve, it passes through a pressure loading valve 
and then out of the fuel control unit discharge port. 


THE MAIN METERING VALVE AND BYPASS 
VALVE. The metering valve and the constant-head by- 
pass valve combination can be considered the heart of 
the primary fuel system in the fuel control unit. These 
two valves determine how much fuel is metered to the 
engine combustion chambers. The fuel from the en- 
gine-driven fuel pump is routed to the metering valve 
where it flows through a single orifice, or hole, in the 
metering valve. The size of the metering valve orifice 
is variable and it is automatically controlled. A con- 
stant pressure drop across this orifice is maintained 
by the constant-head bypass valve. 


The metering valve is a sleeve-type valve with two 
stepped slots (180° apart) and two deceleration slots 
(also 180° apart) which align with fixed slots in the 
valve sleeve. The valve sleeve is attached to the fuel 
control unit body and the valve moves inside the 
Sleeve. The metering valve moves both radially and 
axially to establish the required metering orifice. In 
other words, the metering valve turns as well as mov- 
ing fore and aft. The valve axial movement is ob- 
tained by the fore and aft movement of the power 
lever in the cockpit. This axial movement of the valve 
tends to open or close the metering valve orifice, de- 
pending upon whether the power lever is being ad- 
vanced or retarded. This axial (fore and aft) movement 
is accomplished through the governor setting cam 
and attendant linkage by servo action to the gover- 
nor spring. The power lever motion either increases 
Or decreases the governor flyweight's spring tension 
and the resultant metering valve position depends on 
governor flyweight reaction and thé governor spring 
pressure. The metering valve movement is also biased 
by two other factors: burner pressure acting through 
the burner pressure servo mechanism causes a rotary 
motion of the metering valve; a restraining action to 
axial movement is imposed during acceleration by the 
acceleration governor, cam, and linkage. In addition 
to these biasing factors, compressor inlet temperatures 
also control the metering valve position. The varying 
inlet temperatures result іп movement of both the 
governor setcing cam and the acceleration cam. Both 
of these cams, by means of cam followers and linkage, 
ахіайу position the metering valve. 
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Figure 2-4. Main Fuel Control Unit 
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As mentioned before, the constant pressure drop across 
the metering valve is maintained by the constant-head 
bypass valve assembly. This keeps a constant pressure 
differential between the unmetered and the metered 
fuel. If the pressure drop across the metering valve 
starts to vary from its proper value, the bypass valve 
either opens or closes to regulate che amount of un- 
metered fuel that is to bypass the metering valve. The 
bypass valve accomplishes its job by means of spring 
pressure. A bellows and hollow-stemmed servo valve 
maintain the spring at a constant length by varying 
the bellows length to follow the movement of the 
bypass valve. This type of arrangement always keeps 
the same spring pressure оп the bypass valve regard- 
less of where the valve is positioned. Referring го 
figure 2-3, you will note that metered fuel is also 
rouced co the bypass valve. The pressure of the me- 
tered fuel combines wich the spring pressure to op- 
pose the pressure of the incoming unmetered fuel. The 
resulting balancing action of the pressures position 
the bypass valve. 


TEMPERATURE COMPENSATION IN THE FUEL 
CONTROL UNIT. The temperature of the air at the 
compressor inlet also affects fuel scheduling in the 
primary fuel system іп che fuel control unit. This air 
temperature compensation is accomplished by me- 
chanical linkage inside the fuel control unit which 
axially positions the governor setting and acceleration 
cams. Nore in the engine fuel system schematic, figure 
2-3, that a temperature sensing bulb is installed in 
the compressor inlet case, This sensing bulb is con- 
nected by a capillary tube to a bellows and spring- 
loaded piston in the fuel control case. The tempera- 
ture sensing bulb is actually а liquid-filled bulb. А 
better. view of the sensing bulb and its connecting 
capillary tube is shown in figure 2-4. The tempera- 
ture variations of che engine compressor inlet air 
cause the liquid to expand and contract. This in- 
creasing and decreasing pressure of the liquid is 
transmitted to the fuel control unit by means of the 
capillary tube. Тһе resulting motion of che bellows 
and piston caused by the liquid pressure variations 
moves the cam shaft axially. This axial cam shaft mo- 
tion causes che cam followers to reposition in respect 
to the axial contour of the cams. The cam followers 
are mechanically connecred to the metering valve, 
and their repositioning movement caused by che tem- 
perature variations affects che meter valve position. 


Аз mentioned earlier in the description of the fuel 
control unit, you should never disconnect the capillary 
tube from the fuel control unit. Each fuel control unit 
has a temperature bulb and capillary cube attached 
to it at the factory and the units are matched for 
proper operation; consequently, che units should never 
be changed individually. 
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BURNER PRESSURE COMPENSATION IN THE 
FUEL CONTROL UNIT. The efficiency of rhe com- 
bustion of the fuel-air mixture in the jet engine com- 
bustion chambers is directly related to the pressure 
inside the combustion chambers (burner cans). The 
Combustion efficiency is highest when the chamber 
pressure is high, and the efficiency steadily decreases 
as che chamber pressure drops. The pressure in the 
turbojet burner cans depends on engine speed, air- 
craft speed, and altitude. Since the fuel-air mixture 
depends on the combustion chamber pressure, the fuel 
contro! unit uses a sensing system so that the com- 
bustion chambers receive the correct amount of fuel 
for their existing pressures. This sensing system is 
known as the burner pressure compensation system. 


A pressure probe in the No. 4 burner can acts as che 
sensing element for che burner pressure compensation 
system, The pressure line from (һе No. 4 can passes 
through the pressurization and dump valve housing 
and enters the burner pressure limiter inside che fuel 
„control unit. In the engine fuel system schematic, fig- 
ure 2-3, the burner pressure is labeled in the index 
as М, Diffuser Pressure, and this pressure is shown 
in a blue-green color. 


Ав the pressure in the burner can changes, because of 
altitude and engine operating conditions, the pres- 
sure on the burner pressure bellows also changes. 
These bellows contract or expand (depending upon 
whether the pressure is increasing or decreasing) and 
activate the burner pressure servo. This servo action 
is transmitted through а rack-and-pinion, a shaft, and 
bevel gears го produce a rotary motion of the fuel 
metering valve. The result of this action is со either 
narrow or widen the fuel-metering slots in the fuel 
meter valve and то affect the primary fuel flow ac- 
cordingly. 


THE INTERNAL CUTOFF VALVE AND FUEL 
CONTROL BODY PRESSURIZATION. The mechan- 
ically-operated cutoff valve stops the fuel flow when 
the engine is shut down. Jn figure 2-3, the cutoff valve 
is shown in the upper portion of the fuel control unit. 
This valve is connected to the power lever linkage 
and the valve is open whenever the engine is oper- 
acing. A return line, connecting the fuel control body 
to the fuel pump inlet, prevents fuel pressure buildup 
within the fuel control unit body when the engine 
is shut down. This line is shown in yellow on figure 
2-3. A resultant pressure drop within che fuel control 
unit body is transmitted со the pressurizing and dump 
valve by a sensing line, and this pressure causes the 
dump valve to drain the fuel nozzle manifolds. A 15- 
pound, spring-loaded valve is incorporated to control 
the body/pump inlet return line. The resultant fuel 
control unit body pressure insures proper operation 
with warm fuel by preventing over-speeding of the 
internal flyweight speed governor. 
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INTERNAL PRESSURE LOADING VALVE. Мегегей 
fuel from the emergency shuttle valve enters the pres- 
sure loading valve chamber directly above the cutoff 
valve. Passage of the fuel to the control body dis- 
charge outlet is restricted by а spring-loaded piston 
that is backed up with fuel bypass pressure. The pres- 
sure exerted by rhe metered fuel to overcome the pres- 
sure on the loading valve insures sufficient pressure 
for normal servo action. 


FUEL CONTROL INTERNAL SERVO SYSTEMS. 
Servo assist is utilized іп the power lever actuating 
linkage, acceleration cam/speed piston linkage, and 
burner pressure metering valve linkage. Force reduc- 
tion of these three linkage systems is essential for 
proper fuel scheduling. Translation of temperature 
variation from the governor setting cam to the gov- 
ernor flyweight spring is made more effective through 
servo action. Servo action also reduces the cockpit 
power lever load. Translation of burner pressure to the 
metering valve, and the speed flyweight reaction to the 
acceleration cam is made possible by the burner 
pressure servo and the speed servo assemblies, re- 
spectively. 


The source of pressure for these servo systems is un- 
metered fuel taken from the metering valve area. The 
servo pressures are shown in yellow-green color in 
the schematic of the engine fuel system, figure 2-3. 
After passing through a filter, che unmetered fuel is 
ported to the three servo systems and, unless the 
servo system exit is restricted, che fuel passes out into 
the regulator case without causing servo action. If, 
however, a servo system exit is restricted, pressure 
immediately builds up within the respective system, 
and the servo piston moves until the exit restriction 
is removed. Removal of the restriction decreases in- 
ternal pressure and stops servo piston motion. Actually, 
the restrictions of the servo exits are caused by half- 
balls being positioned over the exit. This positioning 
of the half-balls in each of the three servo systems 
determines the degree of servo action. When a half- 
ball restricts a servo pressure exit, che resultant servo 
action will unseat the half-ball (through mechanical 
linkage) after traveling a predetermined distance. This 
action may be traced by careful examination of the 
servo systems in the fuel system schematic, figure 2-3. 


TAKEOFF LOCKS. A pair of mechanical locks is in- 
corporated in the fuel control to insure adequate fuel 
flow in the event of either burner pressure or in- 
let temperature sensing system failure. During take- 
off these ratchec-type locks are engaged mechanically 
when the power lever is advanced from FULL MIL 
POWER position to the TAKE OFF position. Theo- 
retically, no power increase results during this power 
lever advancement, because the governor setting cam 
follower is following the cam “flac” during this opera- 
tion. A rise in power does, however, occur from 54° 
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power lever setcing to the takeoff locks, or approxi- 
mately 114% military power increase. One locking 
lever is positioned adjacent to a collar on the cam 
shaft to prevent excessive shaft travel in the event of 
temperature compensating system failure. The second 
lock is positioned to prevent the burner pressure servo 
rack from closing the metering valve orifice below 
the predetermined position. Excessive engine over- 
speeding is prevented by governor flyweight action, 
which limits metering valve axial motion. 


After the takeoff has been accomplished, it is тап- 
datory that the power lever be returned to the FULL 
MIL POWER position to remove the takeoff locks. If 
the locks are permitted to remain in the takeoff posi- 
tion, they will severely limit both rhe inlet tempera- 
ture and the burner pressure compensation that is 
necessary for proper fuel scheduling ас high altitudes. 
Should either or borh of the "locked" systems fail 
during takeoff, a slight power reduction may be 
noted. The amount of power fluctuation noted will 
depend on ambient аїс and altitude. If a component 
had failed, a more noticeable and possibly severe power 
reduction would be nored when the power lever re- 
leases che locks as it is brought back ко the FULL 
MIL POWER position. Under this condition it will 
be impossible to re-engage the locks by repositioning 
the power lever back to the TAKE OFF position. 
Under normal operating conditions the power lever 
should be moved back from the TAKE OFF position 
before reaching 6000 (сес. 


How the Emergency Fuel 
Control System Operates. 


Тһе emergency fuel control system operates independ- 
епгіу of the primary (normal) fuel control system, 
It is important to note that there is, for the presene 
at least, no provision for automatically switching from 
the primary operating system to the emergency sys- 
tem. Instead, the emergency system сап һе activared 
only by actuating the emergency switch in the cock- 
pit. A motor-operated rack-and-pinion drive positions 
the emergency pilot valve. In che normal position, the 
emergency pilot valve insures chat the primary fuel 
control system output passes che emergency shuttle 
valve and is discharged in the conventional manner 
to the fuel pressurizing and dump valve. The emer- 
gency shuttle valve is hydraulically balanced during 
primary (normal) fuel scheduling. Spring pressure 
moves the shuttle valve ro shut off the fuel passage 
со the emergency throttling valve, and che metered 
fuel is ported to the cutoff valve. When che cockpit 
emergency switch is actuated, the emergency system 
motor repositions the emergency pilot valve so that 
fuel pressure is ported to the anti-spring side of the 
emergency shuttle valve. The emergency shuttle valve 
then moves against the spring pressure, opens the 
passage for unmetered fuel to enter (һе emergency 
throttling valve, and also shuts off che metered fuel 
passage го the cutoff valve. 
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Since emergency fuel operation completely isolates the 
primary or normal fuel regulating components, an 
emergency throttle valve, emergency bypass valve, 
emergency altitude needle valve, and an emergency 
altitude compensating bellows (working in conjunc- 
tion with an evacuated bellows) take over the fuel 
scheduling duties. Emergency fuel metering is achieved 
by varying the emergency throttle valve. The linear 
travel and flow through this valve are in turn varied 
by moving the valve's fixed orifice in relation to a 
fixed, contoured needle and an idle bleed, which op- 
erates to maintain minimum flow. А constant pres- 
sure drop is maintained by the emergency bypass valve. 
This valve is similar to that used in the primary or 
normal system, except that there is no compensation 
for varying spring length. Instead, the emergency 
bypass valve operates in conjunction with che emer- 
gency altitude needle valve ro establish the desired 
metering load across the emergency throttle valve, 
Тһе emergency altitude needle valve is operated by 
linkage from the emergency altitude compensating bel- 
lows. Accordingly, altitude variations will either in- 
crease or decrease the fuel flow to the emergency 
throttle valve. 


During emergency operation, fuel scheduling is a ei- 
rect function of power lever movement and no pro- 
visions are made to alter the fuel flow during accelera- 
tion, deceleration, or for variations of temperature 
and burner pressure, Because of this, the pilot must 
observe rpm, tailpipe temperature, and pressures very 
closely during emergency operation. Limited altitude 
(approximately 30,000 feet) compensation, however, 
is provided by action of the emergency altitude com- 
pensating bellows and the emergency altitude needle 
valve. 


| Flight Line Adjustments on the Fuel Control Unit. 


Almost all of the adjustments that сап be made оп 
the fuel control unit must be done on a flow bench 
by fuel control specialists. The only adjustments which 
you will be allowed to make on che flight line are 
the IDLE and MAXIMUM flow adjustments. These 
two adjustment points are shown in the upper por- 
tion of figure 2-5. Each of the adjustment screws are 
designed with spring-loaded decenc balls to provide 
click-lock adjustment. Fourteen clicks equal one full 
turn of che adjustment screws. 


Turning the IDLE adjustment screw in a clockwise 
direction increases the preload on the governor spring 
through the cam follower, increasing IDLE fuel flow. 
Turning the screw in the counterclockwise direction, 
of course, decreases IDLE fuel flow. 


Тһе MAXIMUM adjustment screw repostions che max- 
imum rpm lever inside che fuel control unit. This 
varies che effective length of the governor cam fol- 
lower-rod. Turning che MAXIMUM adjustment screw 
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clockwise increases the fuel flow. Because of the rather 
complex mechanical linkage between the adjustment 
Screw and the maximum rpm adjustment lever, it is 
advisable со make four turns beyond the desired set- 
ting point when increasing the trim; then back off 
to the desired point. This method of first turning разе 
the point and then back will eliminate the built-in 
backlash in the complex mechanical linkage. When 
reducing the MAXIMUM trim, however, it is neces- 
sary only to turn directly to che desired setting. The 
later model fuel control units will have a revised, 
spring-loaded, mechanical linkage that will eliminate 
the need for turning beyond the desired setting point 


jon then backing off. 


Fuel Pump/Transfer Valve. 


А three-stage engine-driven fuel pump, located on the 
right side of the engine wasp-waist section, provides 
fuel to both engine and afterburner (A/B). Тһе fuel 
pump is shown schematically in figure 2-3. The first 
stage in «һе pump is a centrifugal boost turbine at 
the fuel inlec. Fuel from this turbine flows through 
a spring-loaded screen to the inlet side of the rwo 
gear stages. Both gear stages and the turbine stage 
are driven from a common shaft at a ratio of 0.344 to, 
1.0 and incorporate individual shear sections. Basically, 
one gear stage supplies fuel to the engine fuel con- 
trol, the other supplies fuel to the А/В fuel regulator 
and associated units. Each gear stage has a pressure 
relief valve which limits the pressure rise to approxi- 
mately 750 (о 775 psi, A low-pressure warning light 
(in the cockpit) is connected to the engine gear stage 
ouclet passage. This warning light system will be 
discussed later in Chapter IV. 


As you will note in figure 2-6, a transfer valve is at- 
tached to the engine-driven fuel pump body. The pri- 
mary purpose of the transfer valve is to provide fuel 
passage for engine operation and to supply fuel to 
А/В fuel components when afterburning is desired. 
During non-afterburning operations the normal А/В 
outlet is blocked by a motor-operated fuel shuttle 
valve. The fuel ourput from the А/В gear stage is 
then bypassed back to the gear inler. When A/B 
operation is initiated, the moror-driven fuel shuttle 
valve opens both the fuel supply line to, and (һе 
return line from, che A/B fuel regulator. 


An automatic fuel-regulating transfer valve, located 
between the А/В gear stage and the motor-driven 
shuttle valve, insures fuel flow со the engine fuel con- 
trol in che event of engine gear stage failure. "This 
two-position regulating transfer valve has engine gear 
stage fuel pressure bled to one side of the valve; this 
pressure opposes А/В fuel regulator bypass pressure 
and spring pressure on the other side. During normal 
operation the engine gear stage fuel pressure raises 
the valve against spring pressure and A/B fuel regu- 
lator bypass pressure, this. permits che А/В gear stage 
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Figure 2-6. Engine-Driven Fuel Pump/Transfer Valve 
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fuel to flow to the motor-driven fuel shuttle valve. 
Should the engine gear stage fail, however, the re- 
sultant fuel pressure drop will cause the spring-loaded 
fuel regulating valve to move to block off the А/В 
gear stage outlet. Pressure building up in this line 
will unseat che spring-loaded check valve and permit 
fuel flow into the engine fuel regulator supply line, 
this prevents engine fuel starvation. 


If the afterburner is operating and the engine gear 
stage fails, the A/B fuel supply will be limited or 
shut off entirely. Earlier airplanes did пос incorporate 
provisions to supply fuel to the А/В during the emer- 
gency action noted. Later airplanes, however, will pass 
sufficient fuel through drilled passages in the transfer 
valve со permit limited afterburning. 


The power lever quadrant in the cockpit has an A/B 
detent which parallels the regulator power setting sloc 
through a range of 8096 to 10096 thrust for engines 
with A/B shutoff valves. Placing the power lever in 
this А/В detent actuates а microswitch in the А/В 
actuator motor circuit, and the afterburning cycle is 
initiated. When the power lever is taken out of the 
A/B detent, the A/B actuator motor is reversed and 
fuel flow to the А/В fuel regulator is stopped. Fuel 
scheduling for engine operation and for afterburning 
utilizes two separate sets of components downstream 
from the pump/transfer valve. The discussion imme- 
diately following will concern only those units used 
during engine (non-afterburning) operations. 


Fuel Pressurizing and Dump Valve. 


Тһе metered fuel from the fuel control unit passes 
through the flowmeter and the fuel/oil cooler to the 
pressurizing and dump valve. Ав you will note in fig- 
ure 2-7, this pressurizing and dump valve is mounted 
on the engine fuel manifold just aft of the fuel con- 
trol unit. 


The pressurizing and dump valve accomplishes two 
functions—it controls the fuel flow to the primary 
and secondary injector nozzles in the engine burners, 
and it also dumps the nozzle manifold fuel when the 
engine has been shut down. When the engine is op- 
erating, fuel enters the unit through the inlet spring- 
loaded check valve and passes through a 200-mesh 
screen. Tracing the fuel flow on. the schematic, figure 
2-3, note that the fuel flows through the screen to the 
pressurizing valve. Fuel pressures from the fuel con- 
trol unit body are routed by means of a sensing line 
(shown in brown) to the anti-spring side of the dump 
valve—this sensing pressure keeps the dump valve 
closed while the fuel passes on to the pressurizing 
valve in the unit. 


During engine starting and low-power operation, all 
of che fuel (shown in green) flows directly to the pilot 
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Figure 2-7. Fuel Pressurizing and Dump Valve 


(primary) fuel manifold. Вис as the fuel pressure in- 
creases, the pressurizing (flow dividing) valve is un- 
seated. This causes a part of the fuel (shown in blue) 
to flow to the main (secondary) fuel manifold. As the 
engine power increases, more fuel flows to the main 
fuel manifold. 


When the power lever is brought back to the OFF 
position, che flow of fuel to the pressurization and 
dump valve is stopped. As the fuel pressure inside 
the fuel control unit body drops, the pressure in the 
sensing line also drops. The spring pressure on the 
dump valve overrides the decreased fuel control unit 
body pressure and forces the dump valve open. This 
drains the residual fuel from the manifolds and pre- 
vents any more fuel from entering. The spring-loaded 
inlet check valve in the pressurizing and dump valve 
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prevents the fuel in che fuel/oil cooler from "boiling 
off" and dumping when the engine is shut down. 


Engine Fuel Manifold. 


The shrouded dual fuel manifold iüter-connects the 
48 dual fuel nozzles. This manifold. is built up as one 
complete assembly. Fuel metering for the engine fuel 
system terminates at the burner cans—each of the eight 
cans has six dual nozzles. The рапегп of fuel discharge 
in the burner cans is accomplished by the nozzle de- 
sign, by air low within the nozzle heads, and Бу swirl 
vane openings in the nozzles. 


Maintenance on the Engine Main Fuel System. 


Тһе maintenance and trouble shooting requirements 
for the J57 engine fuel system are somewhat more 
complex than the requirements for piston-type engine 
fuel systems. As you have already learned in the pre- 
ceding discussion of the engine main fuel system, 
each component in the fuel system does several jobs. 
Аз a member of the Е-102А ground maintenance team, 
it will be your responsibility to assure that each com- 
ponent adequately performs its jobs, and chat all com- 
ponents function together ro supply fuel to the en- 
gine as demanded. 


In all probability, your most difficult task in maintain- 
ing the engine main fuel system will consist in diag- 
nosing engine malfunctions and than trouble shooting 
the fuel system to determine which component is 
causing the trouble, Although a trouble shooting guide 
is included in the engine maintenance technical order, 
some of the more common difficulties and their most 
probable causes are discussed in the following para- 
graphs. 


About 90% of the engine fuel. system troubles will be 
traceable to the fuel control unit. This should be un- 
derstandable since the fuel control is a very complex 
system component. As you will recall, che fuel con- 
trol unit should provide acceleration and deceleration 
control; maintain a constant power setting regardless 
of altitude, temperature, or air speed; and provide 
emergency fuel without engine failure in the event 
the regular engine fuel system should fail. Whenever 
one of these functions is not performed, you can al- 
most be assured chat the fuel control unit is malfunc- 
tioning. Since you are not allowed to perform any 
maintenance other тһап the IDLE and MAXIMUM 
flow adjustments on the fuel control, you must replace 
it with a serviceable control unit and send the dė- 
fective control unit to the overhaul area for a bench 
check. 


Reférring го figure 2-4, you will note that the in- 
stallation and removal of this engine fuel system com- 
ponent will be relatively easy. Before attempting to 
remove the unit from the engine accessory drive hous- 
ing, you should disconnect all of the fuel, sensing, 
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and electrical lines, and then provide some type of 
support for the unit. The capillary tube which con- 
nects the fuel control unit to the temperature bulb 
in the engine inlet must not be disconnected at the 
fuel control unit. The bulb and the connecting cap- 
illary tube must be removed with the fuel control 
unit. The reasons for this will be discussed later їп 
this séction. Note the locking ring and lock bolt di- 
rectly under the attach point on the accessory drive 
housing. You will normally find it best to loosen the 
lock bolt until it begins to snug up, and then тар 
the bolt head until che bolt becomes loose. Keep doing 
this until the fuel contro! lock ring is free of the 
accessory drive housing flange. If the fuel control 
unit is to be left off for any time longer than a few 
minutes, be sure to cap all of che disconnected lines. 


The installation procedure for the fuel control unit 
is essentially the reverse of rhe removal procedure; 
however, you! should always. coat all of the seals and 
gaskets with engine lubricating oil prior to installing 
the unit. : 


Other fuel system malfunctions which you might en- 
counter will possibly occur in the emergency fuel sys- 
tem, The fuel control unit, as you will recall, also 
has а complete emergency metering system. If there 
is no emergency fuel flow аг IDLE, replace the fuel 
control unit.’ Although there is no specifiially rec- 
ommended procedure for checking the emergency 
fuel flow, some helpful suggestions for determining 
whether the emergency fuel system is functioning 
properly are as follows: (1) carefully watch the tacho- 
meter for rpm change as you actuate the emergency 
switch, (2) watch the tailpipe temperature indicator 
for any change in temperature, and (3) watch how 
soon the red light thac indicates emergency fuel. comes 
on after you actuate the switch. In those cases where 
the engine will not change over to the emergency 
fuel system or the fuel control system selects the emer- 
gency system with the control switch in the NORM 
position, you will ‘probably find che difficulty in che 
electrical circuit to the emergency system actuator. 
By performing a continuity check on the circuit from 
thé 28-vole 4-с bus го the actuator, you will һе able 
to derermine whether the malfunction is in the actu- 
ator itself. The most logical sources of difficulties of 
this type are the fuel control relay оп the forward 
side of the right main wheel well or che emergency 
system actuator on the fuel control unit, When à mal- 
function is traced co either of these units, the defec- 
tive unit must be replaced with a serviceable item. 


FILTERS IN THE ENGINE MAIN FUEL SYSTEM. 
Іп the discussion of the engine main füel system, it 
was mentionéd that several of the components in- 
corporated filters to assure clean fuel to the burner 
chambers. As you will recall, each of these filters is 
spring-loaded го bypass fuel in the event che filter 


becomes clogged. The filters in the system are of the 
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Figure 2-8. Fuel Filter in the Engine Fuel System— Schematic 


200-mesh variety; that is, they are designed to re- 
strict the passage of those particles which are larger 
than normally found in fuel. Аз you may already 
know, military specifications allow for some contam- 
inants in jet fuels. The components in the engine 
fuel system are designed to function properly while 
handling fuels which do have contaminants in them; 
however, the components will not function properly 
if the size of the contaminants exceeds the size of the 
openings in the filters. 


Cleaning the filters will be a part of the normal en- 
gine inspection activities. There are four filters in the 
engine main fuel system. Аз you will note in figure 
2-8, they are located in the fuel control, fuel pump, 
and the pressurizing and dump valve. Although the 
filters do not all look alike, they perform the same 
function; and they are removed, cleaned, and replaced 
in the same manner. Note that each filter is held in 
place by a retaining plug. 


То remove the filter, cut the safety wire and then 
unscrew the plug. All of the plugs have conventional 
right-hand threads. If the filters are not damaged in 
any manner, they can be cleaned by using either JP-4 
fuel (MIL-F-5624), or naphtha, and then blowing the 
filter dry with clean, dry air. Installation of the filters 
for the engine fuel system is essentially the reverse of 


removal. Small holes in the heads of the plugs allow 
them to be safetied after chey have been installed and 
tightened. You should always assure that the filter 
retaining plugs are tightened and safetied to elimi- 
nate the danger of fuel leaks and subsequent fire 
hazards. 


THE AFTERBURNER FUEL SYSTEM. 


The design of gas turbine engines limits the accelera- 
tion of jet aircraft during ground run, takeoff, and 
climb. This is due co the gas turbine engine’s nearly 
constant thrust at all airspeeds at a given altitude and 
engine speed. In a turbojet engine, for example, the 
takeoff thrust may not be more than 15 or 20% above 
the normal rated thrust. This inherent design de- 
ficiency led to the development of thrust augmenta- 
tion; thruse augmentation is merely a means of in- 
creasing the engine thrust to provide more power 
for takeoffs, climbs, or any other time when a rapid 
rate of acceleration is needed. 


The J57 engine utilizes an afterburner as its means of 
thrust augmentation. As you learn about the after- 
burner fuel system in this section, you will see that 
the afterburner can be described as a ram-jet engine 
that is attached to the turbine section of the regular 
engine. The afterburner fuel system and the system 
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Figure 2-9. 157 Engine Afterburner Fuel System—Schematic (Sheet 1 of 2) 
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components are covered in the following paragraphs. 
By referring to the schematic of the system in figure 
2-9, while reading the text, you will acquire а more 
comprehensive understanding of che afterburner fuel 
system. 


Operation of the Afterburner Fuel System. 


Аз mentioned earlier, in this section, the afterburner 
fuel system consists of the fuel pump/transfer valve, 
an afterburner fuel regulator, afterburner igniter valve, 
exhaust nozzle control valve, a manual shutoff valve, 
and the fuel spray bars and manifolds. 


Afterburner fuel scheduling utilizes one gear stage of 
the engine-driven fuel pump. The pump outfit is 
either routed back to the gear stage input or flows to 
the afterburner fuel control. Note in the schematic 
that afterburner fuel scheduling depends on the 
position of the fuel regulating transfer valve and/or 
the motor operated fuel shuttle valve. During after- 
burning, fuel flows to the afterburner fuel control 
which then schedules fuel to the A/B spray bars 
according to the engine burner pressure. Fuel in excess 
of that required by the А/В system returns to the 
pump/transfer valve through the control pressure 
regulator return line. 


Тһе output of the afterburner fuel regulator flows to 
the 24 afterburner spray bars. А separate line from the 
afterburner igniter valve also connects into the spray- 
bar supply line to supply fuel for "hot streak" igni- 
tion and to "trigger" che igniter valve, Fuel from the 
igniter valve is routed to che No. 3 burner can and the 
resulting momentary enrichment causes the flame to 
extend through the turbine wheel and back to the 
A/B spray bars. This flame ignites the fuel at the 
afterburner spray bars. 


А small pressure sensing line connects the unmetered 
fuel side of the A/B fuel regulator to the anti-spring 
side of the exhaust nozzle control valve (this sensing 
line is shown in red). When A/B is selected, fuel pres- 
sure actuates the exhaust nozzle control valve which 
then directs sixteenth-stage compressor air to the open 
side of the nozzle actuating cylinders. When after- 
burner operation is stopped, the sensing line pressure 
is reduced and spring tension in the exhaust nozzle 
control valve repositions the shuttle valve. Then six- 
teenth-stage air pressure is ported to the nozzle close 
side of the actuating cylinders. 


Normally, afterburner operation is initiated and ter- 
minated electrically. However, a mechanically-operated 
valve—attached to the power lever linkage—stops 
afterburner operation whenever the power lever set- 
ting is reduced below 8096. This provides a positive 
means of stopping afterburning in the event of an 
electrical failure in the afterburner circuit. 
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AFTERBURNER FUEL REGULATOR. The А/В fuel 
regulator, shown in figure 2-10, is located on the right 
side of the engine in the "wasp waist" section. Its pur- 
pose is to schedule fuel to the A/B spraybar manifold. 
This A/B fuel regulator control unit incorporates: a 
variable area-metering valve; a pressure regulator; ап 
automatic shutoff valve; a burner can pressure sensing 
bellows; a pair of filters; and a drain valve. 


Figure 2-9 shows the fuel flow through the regulator. 
Note that fuel entering the A/B fuel regulator control 
unit is routed to the metering valve—the excessive 
fuel is bypassed through the pressure regulator and 
routed back to the transfer valve. The metering valve 
orifice area varies іп relation to the engine burner 
pressure. The bypass valve (pressure regulator) main- 
tains a constant pressure drop across the metering valve 
by using spring and metered fuel pressure to resisc 
unmetered fuel pressure. This arrangement is similar 
to the bypass valve in the engine fuel control unit. А. 
check valve, having spring and bypass pressure resist- 
ing metered fuel, is located downstream from the 
metering valve. This valve serves a dual purpose: it 
keeps che А/В fuel regulator full; and prevents burner 
gases from entering the fuel regulator when the A/B 
is shut down. The burner can pressure-sensing bellows 
assembly in the А/В fuel control unit consists of a 
spring-loaded evacuated bellows linked to the meter- 
ing poppet valve. Accordingly, burner pressure varia- 
tion is reflected in the metering valve, and the meter- 
ing valve then varies the А/В fuel with respect го 
engine operation. 


Other components incorporated in the A/B fuel regu- 
lator are two filters and a manifold drain, The two filters 
provide filtered fuel co the sliding surfaces of the pres- 
sure regulator and shutoff valves. This filtered fuel pro- 
vides a “washing action” which insures free movement. 
The A/B manifold drain valve is located in the regu- 
lator fuel outlet fitting and is slightly spring-loaded 
to the open position. During A/B operation, fuel pres- 
sure closes the valve; but when the A/B is shut down, 
the valve opens and drains the A/B fuel manifold. 
Normal engine operating pressures will also close the 
valve to prevent escape of hot gases. 


AFTERBURNER FUEL IGNITER VALVE. As men- 
tioned earlier, the ignition of A/B fuel is accomplished 
by the “hor streak” ignition method. The igniter valve 
is located high on the right side of the wasp waist sec- 
tion, as shown in figure 2-11. When A/B is initiated, 
the igniter valve directs а small charge of fuel into the 
No, 3 burner can. This enrichment resules in a flame 
pattern that extends into the A/B area and ignites the 
fuel that is being discharged from the A/B spray bars. 
As shown in the schematic of figuré 2-9, the igniter 
unit is made up of: an air pilot valve, a fuel pilot valve, 
and a spring-loaded air piston working in conjunction 
with a fuel piston. 
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Figure 2-10. Afterburner Fuel Regulator 


А line leading to the А/В igniter valve is connected 
into the А/В fuel manifold line downstream from 
the A/B fuel regulator. Fuel from this source passes 
through a filter and enters the igniter. During this 
charging action, fuel fills the fuel chamber, and at the 
same time, fuel is bleeding through a restricted passage 
into the fuel pilot valve. When the pressure becomes 
great enough, the fuel pilot valve moves the air piloc 
valve against burner pressure. When the fuel pilot valve 
moves, it shuts off che supply of incoming fuel and 
opens the fuel chamber outlet. The same movement 
causes the air pilot to open the burner pressure passage 
to the air piston, Burner pressure acting on the air 
piston compresses the air piston spring and forces the 
fuel behind the fuel piston into No. 3 burner can. The 
total afterburner ignition action takes approximately 
one-half second to complete and is a non-repeating ac- 
tion. Each component remains in the discharged posi- 
tion until the A/B operation is stopped. When A/B 
is discontinued, the fuel pressure—which was resisting 
engine burner pressure—drops off, and the burner 
pressure then moves the air pilot valve and fuel pilot 
valve back to the charge postion. This action shuts off 
burner pressure to the air piston, and the piston spring 
pressure returns the air piston back to its charged posi- 
tion. А check valve is installed in the afterburner ig- 
niter discharge line to prevent any hot gases from No. 


POWER PLANT 


3 burner can from entering the igniter valve during 
engine operation. 


EXHAUST NOZZLE CONTROL VALVE. The A/B 
exhaust nozzle control valve, located just below and 
aft of the A/B fuel regulator, is shown in figure 2-12. 
Its function is to divert sixteenth-stage air pressure to 
either the OPEN or CLOSE side of the nozzle actuating 
cylinders. The afterburner nozzle is opened for after- 
burner operation and closed during non-afterburning 
operations. One of the key devices in the A/B nozzle 
actuating system is the air relay valve inside the ex- 
haust nozzle control. А fuel pressure-sensing line con- 
nects the A/B fuel outlet passage in che pump/trans- 
fer valve to the anti-spring side of the air relay valve 
in the exhaust nozzle control valve. This pressure-sens- 
ing line is shown in red on the schematic of figure 
2-9. On later airplanes, the sensing line source is from 
the А/В fuel regulator. This later configuration is not 
shown in figure 2-9. The air relay valve is positioned 
either by A/B fuel pressure or by spring pressure. Dur- 
ing A/B operation the A/B fuel pressure moves the air 
relay valve against the spring pressure, and sixteenth- 
stage air pressure is then ported to the nozzle actuating 
piston open side of the nozzle actuating cylinders. Two 
spring-loaded flapper-type vent valves exhaust the dis- 
charge air from the relay valve. Normal fuel leakage 
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Figure 2-11. Afterburner Fuel Igniter Valve 
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Figure 2-12. Exhaust Nozzle Control Valve 


is drained overboard. The later engines are equipped 
with a differential-type exhaust nozzle control valve— 
the fuel section is separate from the air section. Refer 
to the maintenance technical order for information on 
these later-type control valves. 


AFTERBURNER MECHANICAL SHUTOFF VALVE. 
Normally the A/B operation is stopped when the power 
lever in the cockpit is taken out of the A/B detent. This 
action energizes che A/B motor actuator which in turn 
closes the A/B fuel shuttle valve. 


А fuel line that incorporates a mechanically-operated 
shutoff valve is installed in the А/В fuel system. This 
line (shown in yellow) at the left of the schematic, 
connects the spring side of the pressure regulator in the 
А/В fuel regulator to the fuel pump inlet. The shut- 
off valve is opened and closed mechanically by power 
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lever movement. When the power lever is positioned 
for engine power outputs of 80% or more, the shutoff 
valve is closed and the А/В system functions normally. 


However, when the power lever setting is below 80%, 


the mechanical inter-connect between the shutoff valve 
and the power lever linkage opens the shutoff valve and 
А/В operation is then stopped. When the mechan- 
ically-operated shutoff valve is opened, the metered fuel 
that normally assists the pressure regulator spring to 
resist unmetered fuel pressure is routed back to the 
fuel pump inlet. This reduces the total pressure on the 
spring side of the pressure regulator and routes the 
fuel back to the pump/transfer valve, This stops А/В 
operation. ' 


Maintenance on the Afterburner Fuel System. 


Performing the necessary maintenance and trouble 
shooting on the afterburner fuel system will be quite 
similar to what you must do on the engine main fuel 
system. With the exception of the system filters, no 
regular maintenance is required. Trouble shooting will 
consist of determining why the exhaust nozzles fail 
to open or close or why afterburning does not occur. 


Malfunctions in the afterburner nozzle system should 
be traced from the nozzle actuator control unit back 
to the nozzle actuators. If replacing the actuator con- 
trol unit does not remedy the situation, the difficulty 
will lie ín the associate air lines, in the relay valve, 
ог in the nozzle actuators and their linkage. If the 
trouble is in the actuators and their linkage, you will 
find it best to lubricate all of the components using 
a commercially available graphite in a volatile liquid. 
This type of lubrication will reduce the drag and 
allow the actuators to move more freely. In case the 
air lines or the air relay valve are at fault, you will 
have to replace the components with serviceable items. 


Cleaning or replacing the filters іп the afterburner fuel 
system is just abour the same as for the engine fuel 
system. Note in figure 2-13 that there are five filters 
in the afterburner fuel system. With the exception of 
the filter in the fuel control sensing line, all of the 
filter cavitie$ must be cleaned with naphtha after the 
filters have been removed—P-S-661 is quite satisfactory 
for this purpose. The filters for the igniter control, 
the nozzle actuator control, and the afterburner fuel 
control units are not reusable—new filters must be 
installed, 


Гтне 457 ENGINE OIL SYSTEM. | 


The J57 engine oil system is а dry-sump, self-con- 
tained, high-pressure system which supplies lubrica- 
tion to the engine main bearings and accessory drives. 
"This system is designed to use a synthetic lubricating 
oil — Specification MIL-L-7808. 


Figure 2-14 shows the engine oil system in schematic 
form. Note how the oil from the oil tank is supplied 
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Figure 2-13. Fuel Filters in the Afterburner Fuel System 


to the engine oil pressure pump by gravity. The oil 
forced from the pump is routed through the engine 
main pressure oil filter. This oil filter is equipped with 
а bypass valve which permits the oil to bypass in the 
event of filter clogging. From the filter, the oil is 
routed to the combination oil pressure regulator and 
relief valve. This component regulates the oil pres- 
sure at about 45 psi, which is the proper pressure dif- 
ferencial for the oil metering jets at the engine bear- 
ings. From the regulator-relief valve the oil is routed 
to the bearings by means of external tubing and in- 
ternal oil passages. 


The oil from the bearings is picked up from the 
engine oil sumps by six scavenge pumps. Following 
the oil flow in the schematic, figure 2-14, note that the 
scavenge pumps force the oil through the air/oil 
cooler, then through the fuel/oil cooler. If the tem- 
perature of the scavenged oil is below 160°F, а ther- 
mostatic valve mounted on the fuel/oil cooler opens 
and routes the oil around the fuel/oil cooler and back 
to the engine oil tank. If the temperature of che oil 
is above 160°F, however, the thermostatic valve be- 
gins to close. At 186°F the valve is in the fully-closed 
position and all scavenged oil is routed through the 
fuel/oil cooler. 


In the top of the oil tank, the returning oil passes 
through a de-aerator which removes the trapped air 


from the engine oil. This air is removed from the 
tank by means of the oil breather system. The engine 
oil system also provides lubrication for the engine- 
mounted Sunstrand constanc-speed drive unic. This 
drive unit uses its own pressure pump, but the oil 
is taken from che engine oil tank and returned to 
the oil tank through a separate filter. 


The oil tank is contoured to the engine diameter, 
has a 5.5 US gallon capacity, and is mounted on 
the upper left "wasp waist" area. The rank has a 
conventional filler cap for servicing and a cable-type 
dip stick for measuring oil quantity. Although the 
tank holds 5.5 gallons, only about 3 gallons are usa- 
ble. One gallon is for reserve and about 1.5 gallons 
are contained within the flow lines in the oil system. 
The tank also has a 1.6-gallon area to allow for 
expansion during high engine temperatures, 


HOW THE ENGINE OIL BREATHER 
SYSTEM 15 PRESSURIZED. 


The oil breather pressurization system is provided 
to insure proper oil flow away from the engine main 
bearings when the engine is operating at high alci- 
tudes. Note in the schematic of the engine oil pres- 
sure system, figure 2-14, that breather pressure is 
shown in dack color. This pressurizing air is supplied 
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Figure 2-14. The J57 Engine Oil System! Schematic 
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by engine compressor leakage, the compressor air 
leaks past the compressor seal into the inner case of 
the engine. Internal passages and tubing on top of 
the engine connect all of the bearing compartments, 
the oil tank, and the annular passage around the com- 
pressor into the breather system. This assures chat ай 
of the oil system will be supplied with the same 
breather pressure. 


The rotary breather, shown in schematic adjacent to 
the oil pressure pump, removes oil from the pressuriz- 
ing air by means of centrifugal action. As the pres- 
surizing air passes over the impeller of the rotary 
breather, the oil is thrown out radially and the rela- 
tively oil-free air passes on to the hub of the breather. 
As the air reaches the hub, it is routed to the breather 
pressurizing valve which determines how much pres- 
sure will be maintained in the breather system. You 
should understand that the engine compressor air is 
leaking into the engine case at all times. The breather 
pressurization valve vents this compressor air to the 
atmosphere. Ас sea level operation the pressurization 
valve is open; however, with increasing altitude the 
valve gradually closes and regulates the escape of the 
engine compressor air so that the breather pressure 
is similar to that ac sea level. 


HOW THE OIL SCAVENGING SYSTEM OPERATES. 


Six gear-type scavenge pumps are used to scavenge the 
main bearing compartments and the accessory drives. 
The pumps then force the oil to the oil coolers before 
it is returned го the tank. One scavenge pump is lo- 
cated in the lower part of the front accessory section; 
two are located in the right side of the main accessory 
section; two are located in the lower part of the No. 
4 bearing area (rear compressor-rear bearing); and 
the sixth scavenge pump is located in the No. 6 bear- 
ing area (turbine rear bearing). Referring again to 
the schematic of the engine oil system, figure 2-14, 
you will note that all of these pumps discharge into 
one outlet line that runs to the air/oi! cooler. 


THE OIL LOW-PRESSURE WARNING SYSTEM. 


The oil low-pressure warning system notifies the pilot 
whenever the oil pressure drops below a safe operat- 
ing level. The warning system consists of a pressure 
switch, warning lights, and the associate electrical 
wiring. The pressure switch is mounted on the left 
side of the engine just aft of the oil tank. This switch 
is set to actuate, or close, whenever the oil pressure 
drops to 36 psi or below; if the fuel pressure rises to 
about 40 psi or more, the switch will deactivate, or 
open. The pressure switch measures the discharge 
pressure of the oil pump. The inside of the pressure 
switch is vented to the accessory drive housing. By 
comparing the oil pump discharge pressure with the 
oil system breather pressure, the pressure swicch senses 
differential pressure regardless of altitude. 
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The warning light for this system is located on the 
pilovs right hand auxiliary instrument panel. The 
warning light and the electrical circuit for the oil 
low-pressure warning system will be discussed in 
detail in Chapter [V of this supplement. 


SUNDSTRAND CONSTANT-SPEED 
DRIVE OIL SYSTEM. 


АП oil used for operation and lubrication of rhe 
Sundstrand constant-speed drive unit is supplied by 
the engine oil system. As you will recall from the 
discussion in Chapter I, the complete drive consists of 
an engine-mounted gear box and an airframe-mounted 
transmission and gear box assembly. The engine- 
mounted gear box receives its oil supply from a line 
connected into the engine oil pressure switch line. 
The fuselage-mounted gear box/transmission incor- 
porates a pressure pump and receives its ой directly 
from the engine oil tank. Scavenging oil lines from 
both units come togther and return to the engine oil 
tank through a filter. There are breather lines which 
connect the constant-speed drive gear box/transmis- 
sion wich the engine breather system. By following 
the oil flow, as shown in figure 2-15, you will becter 
understand the following description of the system. 
Oil from the engine oil tank flows to the two charge 
pumps. This flow is shown by the red diagonals. The 
smaller of the two pumps is directly driven by the 
airframe-mounted transmission and gear box assembly 
input, pumping oil at a rate varying with this input 
to about 2.75 gallons per minute. Oil from these 
charge pumps moves to the transmission cylinders by 
way of a filter which has a bypass valve that opens 
at a pressuré differential of approximately 50 psi, 
should the filter become clogged. The oil moves into 
the cylinder block by way of a drilled passage іп the 
manifold and eccentric shaft (6). Inside the transmis- 
sion itself, oil is pumped from the pump cylinders 
(1) to the moror cylinders (2) (or from motor to 
pump depending upon the phase of transmission op- 
eration). Тһе oil then moves out of the cylinder block 
by way of the manifold (6). This oil is maintained ас 
a pressure of approximately 250 to 350 psi by the 
charge relief valve whi ports surplus oil to che lubri- 
cation lines. Another valve—the lubrication relief 
valve—maintains this surplus oil pressure at approxi- 
mately 15 to 30 psi. The excess oil from the lubrica- 
tion relief valve is ported to the transmission. 


Appropriately-located jets direct this oil pressure on 
moving parts. Leakage or blow-by oil from the piscons 
also drains into che sump, where it is scavenged by 
another gear-type pump which returns the oil to the 
aircraft engine oil system. 


The oil system for the engine-mounted gear box is 
quite simple in respect to that of the other compon- 
ent of the Sundstrand constant-speed drive. As shown 
in the upper right portion of figure 2-15, the oil for 
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pressure lubrication ої the engine-mounted unit is 
obtained from the engine lubrication system. The oil 
then passes out the outlet line where it joins the 
return oil from the transmission and gear box as- 


| sembly oil to flow back to the engine oil system. 1 


THE ENGINE STARTING AND 
IGNITION SYSTEM. 


The engine starting and ignition systems are closely 
related to each other. Each system is dependent upon 
the other for completion of electrical circuits and for 
operation of the system. For this reason, the two sys- 
tems will be described together in this section. 


THE ENGINE STARTER. 


The J57 engine uses a pneumatic starter, This starter, 
which weighs about 35 pounds, is mounted on the 
forward face of the engine М; accessory section. The 
starter is similar to an axial flow turbine and is actu- 
ated by compressed air from a gas turbine compressor 
(GTC). The flexible hose from the GTC unit is con- 
nected to the starter at the quick-disconnect unir in 
the right wheel well. The air from the GTC unit does 
not enter the starter until the pilot positions the 
power lever іп спе START position. Movement of 
the power lever actuates а microswitch in the quad- 
rant, and the microswitch completes the circuit to the 
starter air regulator valve. As this starter valve opens, 
the air from the GTC unit strikes the turbine blades 
and exhausts through the starter air exit duct. The 
force of the air against the turbine blades causes the 
starter turbine wheel to turn, and the turbine, by 
means of a gear reduction train and output shaft, 
drives the engine. When engine starting speed is at- 
tained, the engine-mounted s/arter gear reduction train 
is disengaged from the engine by means of an in- 
tegral clutch. А centrifugal action switch in the starter 
causes the air regulator valve to close when engine 
speed reaches 3400 ro 3700 rpm. This action shuts 
off che air supply to the starter. 


The lubrication of the engine starter is self-contained 
—the lubricating capacity is 12 fluid ounces. Normally, 
the fluid level should not have to be checked except 
when there is indication of oil leakage; however, the 
system has to be drained and refilled at intervals of 
25-hours engine operating time. 


ENGINE IGNITION. 


Ав mentioned earlier, the ignition and starter circuits 
are dependent upon each other for successful engine 
ignition and starting. This can be seen more clearly 
by referring to the schematic of the engine starting 
and ignition system, (see figure 2-16). Let us trace 
the sequence of actions and current flow through the 
Schematic for a normal engine start. 


First, locate each of «һе eleven components in the 
schematic. The starting action is controlled through 
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the power lever movement and the ignition button. 
The starter switch (5) (microswitch) is shown in the 
de-activated postion such as would be the case when 
the power lever is in the OFF position. As you will 
recall, the first step in starting the engine is to move 
the power lever outboard to the START position— 
this closes che starter switch. Current then flows from 
the 28-vole d-c essential bus, numbered 4 in the illus- 
tration, to the ignition switch and also to the engine 
starter, number 7. Аз current reaches che engine starter, 
the starter air regulator valve opens and compressed 
air from the ground GTC drives the starter. 


As the engine speed reaches 12 to 1666, the operator 
depresses the ignition button. This action closes the 
ignition switch and energizes the starter relay. As 
already mentioned, depressing the ignition burton 
does not cause ignition—it just arms the starter relay. 
This type of arrangement allows the operator to move 
the power lever forward without stopping the starter. 
When the power lever is moved forward towards the 
IDLE position, the starter switch is deactuated and 
fuel starts metering into the engine combustion cham- 
bers. Note in figure 2-16 that as the starter switch is 
deactuared, current is fed to the ignition power relay, 


. numbered 1. With the engine turning at 12 to 1696, 


and with fuel being metered to the chambers, the 
engine starting operation is ready for ignition. Аз the 
ignition power relay is energized, current is fed 
through the engine junction box (11) to the ignition 
transformer (8). Тћеге are two of these transformers, 
however, only the Мо. 2 transformer is shown in the 
schematic. The other transformer, No. 1, is exactly 
like the one shown except that it supplies ignition to 
the«No. 5 combustion chamber instead of the Мо, 4 
chamber. 


When the current first enters the ignition transformer. 
it passes through several inpur filters (choke coils and 
capacitors). Then it is led to a 6000 rpm motor. Note 
that the same current chat operates the motor is tapped 
off to a cam-type switch. The cam, geared to rhe 
motor, turns at abour 1200 rpm. This cam has the 
effect of "chopping up" the direct current input and 
turning it into pulsating d-c. This pulsating d-c then 
flows to the step-up transformer where the 24 volts 
are stepped-up to about 2000 volts. You will note 
that this high voltage then flows through the selenium 
rectifier which converts che pulsating current back to 
d-c. This rectification is necessary so that the ignition 
capacitor can be charged. In the figure 2-16 this ig- 
nition capacitor is shown directly below the second 
motor-driven cam. At the same time the ignition ca- 
расног is being charged, the second cam is turning 
at 240 rpm. Each time this cam closes its ignition 
point, a pulse of direct current will flow through 
the "triggering" transformer to the ignition capac- 
itor. This pulse of direct current is sufficient to spark 
across the igniter plug gap. As it sparks across the 
gap, it provides a "path" for che charge in the ignition 
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capacitor. With an open “path” of small resistance, 
the charge on the capacitor flashes through the "trig- 
Bering" transformer and across the igniter plug gap. 


Summarizing the engine ignition circuit, you should 
retain several important facts. The power lever move- 
ment and the ignition button provide the only pilot 
control for the engine ignition system. By means of 
rwo relays—the starter relay and ignition power re- 
lay-—and the two ignition transformers, this ignition 
system provides "hot" spark ignition for the No. 4 
and 5 combustion chambers. You should also keep 
in mind that there is no timing device in the ignition 
circuit. Because of this fact, you should never keep 
the ignition button depressed longer than 30 seconds 
after the power lever has been advanced го IDLE. This 
30-second time limit is necessary to prevent over-heat- 
ing of the ignition transformers. 


This electrical system, like the rest of the engine 
electrical systems, is covered completely in the F-102A 
maintenance technical order for the airplane electrical 
systems, T.O. 1F-102A-2-10. 


HOW THE ENGINE IS STARTED AND OPERATED. 


During the engine starting procedure, care must be 
exercised to correctly operate the starter, ignition, and 
power lever controls to successfully complete rhe en- 
gine start, Actuation of the engine starter is initiated 
by the outboard movement of the power lever to the 
START position. The power lever is spring-loaded 
to the OFF position and must be held over in che 
START position. The power lever movement oper- 
ates а microswitch in the quadrant which opens the 
starter air valve. Opening the air valve permits com- 
pressed air from the gas turbine compressor to actu- 
ate the starter. The power lever is held in che START 
position until che starter is curning the engine from 
12 to 1696 rpm. Depressing and holding the ignition 
button energizes the starter holding relay. Ignition 
does not occur at this time, bur it will permit the 
starter to continue cranking the engine while you 
move the power lever—with the ignition button still 
depressed—forward from che START position. This 
movement of the lever initiates ignition through the 
actuation of the microswitch in the quadrant. Opera- 
tion of the engine starter will continue as long as 
the ignition button is depressed, or until the starter 
centrifugal switches actuate due to starter overspeed. 
Moving the power lever forward towards the IDLE 
position actuates the main fuel control. This permits 
fuel to be injected into the engine burner section. 
Ignition is supplied to the igniter plugs in the Мо. 
4 and 5 burner cans. As the fuel is ignited, the en- 
gine rpm increases. The ignition button should be held 
down until the tachometer and temperature gage indi- 
Cate a. positive start, then the button should be ге- 
leased. If you should momentarily release the ignition 
button. when the power lever is between OFF and 
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IDLE and the engine does пог start, return the power 
lever to che OFF position. This action will prevent 
additional fuel from being injected into the engine 
burner section. You must then repeat the complere 
starting cycle from the beginning. After returning che 
power lever to the OFF position, do not attempt an- 
other start until fuel drainage from che engine com- 
bustion chambers drain has stopped. Never operate 
the starter more than 90 seconds during any two 
minute period. After a normal engine start has been 
completed, the following procedure is recommended 
for checking the engine operation: set the pressure 
ratio indicator for the correct ambient air tempera- 
ture, and then advance rhe power lever ro the MIL 
POWER postion and allow all instrument readings 
to stabilize. 


Do not operate the engine ас MIL POWER 
any longer than five minutes. 


While the power lever is in the MIL POWER range, 
check the tailpipe temperature for a maximum of 
610°C. The indicator needle on the pressure ratio 
gage should fall within che maximum power range 
marked on the gage. None of the engine warning 
lights should be burning. Then move the power lever 
to AFTERBURNER. 


Do not operate the afterburner longer chan 
one minute. 


A rapid increase in tailpipe temperature and an rpm 
reduction of about 4% usually mean that the exhaust 
nozzle has failed to open, When this occurs, terminate 
the afterburning operation immediately. Then, open- 
ing the afterburner power circuit breaker, move the 
power lever to FULL MIL POWER and then retard 
it—without hesitation—to some point below 80% 
power. Afterburning should cease at this 80% power. 
There should be no indication of engine roughness as 
the power lever is being retarded before afterburning 
is terminated. Return the power lever to IDLE, and 
allow an afterburner drainage period of two minutes. 


When the preceding operations have been accom- 
plished, actuate the emergency fuel control switch 
from NORMAL to EMERGENCY. The emergency 
fuel warning light should illuminate; then advance 
the power lever to MIL POWER. Fuel flow should 
be 6350 to 6050 pounds per hour at sea level. Re- 
turning the power lever co IDLE, note that normal 
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engine operation continues throughout power lever 
range. Then, actuate the emergency fuel switch to 
NORMAL--the warning light should go out. 


HOW TO STOP THE ENGINE. 


Prior to stopping the engine, you should allow ir 
то idle for approximately 5 minutes. Іп an emer- 
gency, however, the engine may be shut down im- 
mediately. Have a ground crew assistant connect a 
ground compressor, which is operating at maximum 
output, to the airplane ground receptacle. Connect 
а-с and d.c power to rhe airplane ground recep- 
tacles, Turn all fuel boost pump switches OFF, and 
retard the power lever to the OFF position. In the 
event that exhaust temperature rises above 2259С 
after engine shut down, actuate the power lever 
to the START position and crank the engine for 
about 20 seconds. Then, return the power lever to 
the OFF position. 


ENGINE AIR INDUCTION AND COOLING. 


Although the cooling system for the gas turbine 
engine is not as complex as that required for pis- 
ton-type engines, considerably more effort must be 
spent in protecting the surrounding aircraft struc- 
ture from the heat. This is usually accomplished by 
a shroud installed around the outside of the engine 
with cooling air directed between the shroud and 
the outside of the engine. Some engines require 
cooling for accessory drives, turbine wheels, bear- 
ing housings, and fuel pumps. Other engine in- 
stallations require à method of cooling the oil. Gas 
turbine engines usually use any of three cooling 
mediums: air, oil, or fuel. Air is by far the most 
commonly used method of the three. 


Air cooling must be accomplished by creating high 
air flow and pressure with a minimum loss from drag, 
turbulence, and other detrimental factors. There are 
four methods by which air cooling can be accom- 
plished: induced air, ram air, auxiliary air (fan), and 
engine compressor bleed. The induced air method is 
the most commonly used, while the compressor bleed 
system 15 rarely used. The turbine wheels, bearing 
housing, oil coolers, and tailpipe usually use one of the 
above cooling methods. The tailpipe shroud is some- 
times kept cool by an insulating blanket installed be- 
tween the engine and the shroud. The burner cans 
are usually kept cool by internal air flow which is 
actually a part of the combustion system. Fuel pumps 
are almost always cooled by the fuel being pumped 
through them. Fuel as a cooling agent has been used 
in fuel/oil heat exchangers, but not to any great ex- 
tent. Oil is used for cooling such components as ac- 
cessoty drives, bearings, and reduction gears—the oil 
itself being cooled by an oil cooler similar to that 
used on reciprocating engine installations. The cool- 
ing system, as a rule, requires no pilot attention or 
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operation. The oil pressure gage in the cockpit is the 
only connection between the pilot and the cooling 
system. The oil pressure gage could indicate any seri- 
ous over-remperature condition in a part being cooled 
or lubricated by oil. 


Some of the earlier gas turbine engine main rotor 
bearing temperatures were very critical. As a result, 
bearing temperature gages were required. Since that 
time, engineering developments have solved the bear- 
ing problem. In all probability, bearing temperature 
gages will not be encountered in late model and 
future gas turbine engines. 


IN-FLIGHT COOLING OF THE 
ENGINE COMPARTMENT. 


In the F-102A, the engine compartment cooling air- 
flow pattern varies between engine ground operation 
and flight operation conditions. Air flow during flight 
is based on a positive pressure condition existing in 
the engine intake ducts; while engine cooling during 
Bround operation is dependent upon air bled from 
the N, rotor and reverse air flow through the air/oil 
cooler and generator cooling ducts. 


Note in figure 2-17 that there are three sources of air 
and that each source is located in the engine intake 
duct. One source is bled from a scroll, numbered 2, 
located on the forward end of the engine stub duct. 
Part of the air taken from this scroll is passed through 
the air/oil cooler (13) and the remainder is ducted 
aft under the shroud (10) that surrounds the engine 
hot section. That part of che air which passes through 
the air/oil cooler is exhausted into the accessory sec- 
tion and flows aft between the shroud and the fuse- 
lage. The cooling air, which is ducted aft, flows up- 
stream from the air/oil cooler and runs aft along che 
left side of the engine to rhe forward section of the 
engine shroud. Cooling air entering the shroud is 
diffused circumferentially by the distribution section 
and flows aft between the shroud and the engine ex- 
haust nozzle. 


GROUND COOLING OF THE 
ENGINE COMPARTMENT. 


First of all, in-flight cooling below 150 knots IAS with 
the landing gear extended and ground cooling are the 
зате thing; in other words, the air flow about the 
engine is identical in both cases. This rype of cooling 


. will be referred to as ground cooling in the text. 


Cooling during ground operation varies substantially 
from that described in the preceding paragraphs. ]57 
engines installed in the F-102A airplanes incorporate 
а top center-line bleed which furnishes ninth stage 
N, air to cool the hot section of the engine. Án elec- 
trically operated shutoff valve, a check valve, and two 
series-mounted flapper valves permit rescheduling of 
air flow for ground cooling and cooling at airspeeds 
below 150 knots with the gear extended. 
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Figure 2-17. Engine In-Flight Cooling System Schematic 
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Figure 2-18. Engine Cooling Electrical Schematic 


Notice in figure 2-18 that the electrical circuit for the 
shutoff valve is wired in series with the left landing 
gear door—thereby opening the valve when the gear 
is retracted. This is understandable, since higher air- 
speeds are associated with a clean airplane (gear up 
and locked); at these high airspeeds no help in соо! 
ing is needed from the top center N, compressor bleed 
system. Тһе check valve (11) located in the cooling 
duct and connecting the stub duct scroll to the shroud, 
prevents М, compressor air from flowing forward into 
the scroll. 


During ground run a partial vacuum exists in che en- 
gine air inrake ducts, this vacuum causes a flow ге- 
versal in tthe cooling ducts. Cooling for the engine 
oil and the generators is also provided by this reverse 
flow during ground operation. The reverse air flow 
through the air/oil cooler is easily accomplished with- 
out check or flapper valves; however, the generator 
cooling operation is more complex. Generator cool- 
ing, both in the air and on the ground, is covered in 
the next section of this chapter. 


When an airplane is on the ground and the engine is 
running, the cooling air bleed shutoff valve (9) is 
open. Note in figure 2-19 thar this allows ninth-stage 
air pressure to flow down the duct on the left side of 
the engine and force rhe check valve (11) to open. 
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This compressor air then flows under the shroud 
surrounding the engine. The air is exhausted around 
the exhaust nozzle between the engine and the shroud. 


As mentioned, air flow reversal also takes place when 
the airplane is on the ground. This air flow reversal is 
caused by the low pressure condicion in the intake 
ducts. Air is actually drawn in the aft end of the 
airplane between the engine shroud and che aircraft 
structure. This air is drawn forward through the 
air/oil cooler, and through the two previously men- 
tioned slots between the scrolls, The air is chen pulled 
back through the engine for the combustion process. 


IN-FLIGHT COOLING OF THE 
A-C AND D-C GENERATORS. 


The intermediate duct scroll takeoff is located in ap- 
proximately the 4 o’clock postion. Note in figure 2-20 
that che cooling duct from this takeoff runs aft down 
the cight side of the engine to the a-c and d-c gener- 
ators, Cooling air simultaneously enters the aft end 
of the a-c generator and the forward end of che фс 
generator. Both ducts come together downstream of 
che generators and at this point there are two opposite- 
acting flapper valves. Ехіс air closes the overboard 
flapper valve and opens the other flapper valve to the 
accessory section. Under these conditions exit air from 
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Figure 2-20. Generator Cooling System Schematic 


' | UNDER 150 KNOTS IAS | 


О 


both of the generators is further utilized for cooling 
the accessory section. The air continues aft and exits 
between the afterburner shroud and the tailpipe struc- 
ture. 


GROUND COOLING OF THE GENERATORS. 


Generator cooling under low airspeed conditions 
(which is the same as ground operation) is accom- 
plished on the reverse flow principle, as shown below. 
This reverse air flow opens the ground run door on 
the airplane skin and closes the accessory section flap- 
per valve. In this manner, cooling air is drawn in 
from the outside and flows forward through the duct 
scroll. At this point the air is drawn into the com- 
pressor section and used for combustion purposes. 


ENGINE ANTI-ICING SYSTEM. 


Whenever icing conditions exist, ice will form пос 
only on the airframe structure, but also in the engine 
inlet area, If ice formation is allowed to continue, it 
will seriously reduce the engine power output. In the 
F-102A airplane, provisions are made to prevent the 
ice accumulation on the inlet guide vanes and sur- 
rounding area by directing sixteenth-stage heated air 
through the hollow vanes and. forward around the 
nose accessory fairing, This hot air is exhausted һе. 
hind the nose accessory fairing cap and allowed.to 
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enter the engine intake. Airflow is controlled directly 
by two electrically-operated shutoff valves, and in- 
directly by two flow-control valves. 


In figure 1-16 of Chapter I, the complete airflow раг- 
tern is shown, The electrical controls and che compon- 
ents for the engine anti-icing system will be discussed 
more fully in Chapter IV. 


SUMMARY. 


In Chapter II you have learned how the engine as- 
sociate systems function to assure that the basic en- 
gine combustion cycle will produce its continual flow 
of power. These systems have included the fuel, oil, 
starting and ignition, induction and cooling, and the 
anti-icing systems. The knowledge of how these sys- 
tems function and how each component plays its part 
in the overall function of each system will enable 
you to intelligently perform the required maintenace 
and trouble shooting on the 157 engine, Alchough, іп 
some cases, specific values for pressures or tempera- 
tures were given, you should keep in mind that these 
were for explanatory purposes only. For the exact 
values, you. should always refer to the maintenance 
technical order which covers the power plant in- 
stallation in the F-102A, T.O. 1F-102A-2-4. 
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ENGINE BUILD-UP AND HANDLING 


Contents 


Engine Preservation and Depreservation 
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Engine Installation in the F-102A 


SUMMALY «iere Re rere 


The first two chapters in this supplement have ac- 
quainted you with the J57 engine, its components and 
major operating systems, and how the engine operates. 
These two chapters have explained what the engine 
does while it is installed in the airplane. As a power 
plant maintenance man, you should understand that 
you may have to accomplish the handling and main- 
tenance requirements of the engine when it is пої 
installed in the airplane. These requirements will con- 
sist of: preserving and depreserving the engine; build- 
ing up the engine when it is first received from the 
manufacturer; and installing che engine in (and re- 
moving the engine from) the F-102A. 


All of these requirements are covered in this chapter. 
After first learning some of the basic principles in- 
volved in the prevention of corrosion on engines, you 
will be familiarized with the preservation and de- 
preservation requirements of the ]57 engine. The 
major portion of the chapter is devoted to the en- 
gine build-up operation. In this discussion you will 
learn just what you must do to a new or overhauled 
engine before it can be installed in the F-102A. The 
last part of this chapter covers the engine installation 
and removal operations and the special cools which 
you will need to accomplish them. 


Before proceeding with this chapter, there is one роіпс 
which you should thoroughly understand. As men- 
tioned earlier, both the )57-23 and the -41 engines аге 
used in the Е-102А. In some instances спе maintenance 
requirements and techniques are not the same. In most 
of these cases the differences are mentioned in the 
text or shown in the illustrations. Before attempting 
any maintenance on either model engine, however, 


always determine the type of engine first and then 
check the maintenance technical order (Т.О. 1Е-102А- 
2-4), for the exact procedures and instructions for 
that particular model. 


ENGINE PRESERVATION AND 
DEPRESERVATION. 


The combat against corrosion of aircraft engines is 
primarily a fight against moisture. In che light of 
present-day technical knowledge, the chemical princi- 
ples involved in metal corrosion are fairly well under- 
stood, It is generally accepted that there are two types 
of surface corrosion—the direct chemical attack on 
metals by corrosive liquids, and the electro-chemical 
attack in which the metal being corroded becomes a 
part of an electrolytic cell in the presence of moisture. 
Both types of corrosive action are effectively recarded 
by the absence of moisture. This face has led co the use 
of sealed, metal containers to protect engines during 
shipment and extended storage periods. 


THE USE OF JET ENGINE SHIPPING 
AND STORAGE CONTAINERS. 


The metal shipping and storage container for a jet 
engine serves four important functions, First, ic pro- 
tects the engine from vibrations encountered in normal 
transit. Second, it protects the engine from shock en- 
countered in abnormal or rough handling. Third, it 
protects the engine from the various atmospheric con- 
ditions encountered in world-wide distribution and 
storage. Fourth, the container permits the storage of 
an engine for greater lengths of cime, without fre- 
quent inspection and represervation operations. 


55 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


Because metal containers are sealed from the atmos- 
phere, they require different sealing and dehydrating 
techniques from those used with wooden containers. 
For example, the use of a protective envelope over 
the engine inside the shipping container is unnecessary. 
Іс is also unnecessary to seal some of the engine open- 
ings, to prevent air from entering, or to install de- 
hydrating plugs in other engine openings, to reduce 
the moisture content. 


By using the sealed metal containers, the engine open- 
ings need only be covered with ventilation plugs which 
are designed to keep foreign matter out of the en- 
gine interior. Dehydration of the engine and the metal 
container is accomplished by placing a predetermined 
amount of bagged dehydrating agent in baskets inside 
the container and then pressurizing the engine con- 
tainer wth dehydrated air. 


One of the most beneficial results of the use of metal 
containers is the limited attention which the stored 
engines demand. Adequate protection from the ele- 


ments is afforded the engine by the container itself.. 


The only maintenance requirements are the maintain- 
ing of the air pressure within the container, and the 
observing of the prescribed inspection and гергезегуа- 
tion periods. 


EFFECTIVENESS OF ENGINE PRESERVATION. 


The effectiveness of engine corrosion preventive pro- 
cedures depends upon two factors: prompt and com- 
plete application of preservation procedures, and faith- 
ful compliance with the instructions for maintaining 
the preserved state of the engine during storage. Ás 
you can well understand, each of these factors is de- 
pendent upon the other. If you have not satisfactorily 
completed engine preservation in the first place, main- 
taining the preserved state of the engine will not do 
very much good. Conversely, if engine preservation 
was accomplished satisfactorily, improper maintenance 
of the stored engine, will also make the engine pres- 
ervation ineffective, 


You should understand that engine preservation main- 
tenance is мої represervation; but it is the regular 
inspection, and if required, replacement of the de- 
hydracing agent, If the integrity of the moisture vapor 
barrier inside the container has not been maintained, 
or if che dehydrating agent has become saturated, an 
internal inspection of che engine is required. This 
inspection should reveal whether corrosion exists on 
the interior of the engine; whether overhaul or com- 
plete гергезегуагіоп is necessary; or whether renewal 
of the dehydrating agent will be sufficient. 


Reports show that most of the corrosion of engines 
in storage is directly traceable to delay (permitting che 
onset of corrosion prior to preserving the engine): 
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poor application of the required preservation pro- 
cedures; or a lack of proper maintenance of preserva- 
tion during extended periods of storage. 


When the entire preservation process is properly car- 
ried out and adequately maintained, however, it has 
been proven that corrosion is not likely to occur while 
the engine is in storage. 


Although the engine preservation process is com- 
pletely covered in military specifications and technical 
orders, some of the more important points are men- 
tioned in the following paragraphs. 


Cleaning the engines and engine parts with chlori- 
nated solvents, such as trichlorethylene and carbon 
tetrachloride, should be avoided whenever possible. 
Although chlorinated solvents are excellent cleaners, 
they tend to encourage corrosion on metal surfaces. 
Cleaning solvent, Federal Specification Р-5-661, is 
preferred for hand cleaning the exterior engine sur- 
faces со which corrosion preventative compounds are 
co be applied. 


The proper installation of the dehydrating agent re- 
quires thac this material be handled with considerable 
care and speed to allow a minimum of exposure time 
between removal of the agent from its package and 
installing the, agent in the engine metal container. 
Partial saturation of the dehydrating agent (which 
may occur rapidly with exposure со outside air), re- 
duces the effective life of the agent. Installation of 
the dehydrating agent requires reasonable care in 
timing, but is пог so difficult that satisfactory preserva- 
tion cannot be accomplished. 


HOW TO PRESERVE THE J57 ENGINE. 


Preservation of the J57 engine is quite simple if it is 
done while the engine is installed in the airplane. 
Basically, the preservation process consists of replac- 
ing the engine oil and fuel with preservative mixture 
and then spraying the engine compressor inlet with 
preservative mixture. The preservation operation is 
aecomplished by running the engine and substituting 
preservative mixture for the fuel and oil. Although 
the process listed below is fairly detailed, you should 
never start to preserve а J57 engine unti] you have 
first read che controlling Military specifications and 
the engine maintenance technical order, (Т.О. ІР- 
102A-2-4). 


Preserving the Engine Oil System. 


To preserve the engine oil system: first, place oil re- 
ceptacles under the oil tank drain, the М, gear box 
drain, the М; rear gear box (elbow gear) drain, the 
drain on the left side of the М, gear box near the oil 
temperature bulb connection, and the fuel/oil drain. 
Remove the drain plugs and allow the oil со drain 
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until the oil flow slows го a slow drip at all of the 
openings, then re-install and safety the drain plugs. 
The engine oil filter on the top of the main gear 
box has to be removed, completely disassembled, and 
cleaned with a suitable cleaner (JP-4 fuel is satisfac- 
tory for this purpose); after being cleaned the filter 
should be reinstalled. When you have accomplished 
the preceding operations, service the engine oil tank 
with 514 gallons of preservative mixture. For the exact 
type of preservative mixture, you should consult the 
controlling specifications and the engine maintenance 
technical order, (Т.О. 1F-102A-2-4). 


Run the engine up before you start on the fuel system 
preservation operation. To assure that the preserva- 
tive mixture thoroughly lubricates the interior of the 
engine, operate the engine at 7596 power for a period 
of ten minutes. 


Preserving the Engine Fuel System. 


After shutting the engine down, following the oil 
preservation run-up, you are ready to begin preserving 
the engine fuel system. Disconnect the pressurizing 
and dump valve sensing line аг the fuel control unit, 
cap the fitting on the fuel contro! unit but leave the 
sensing line open to atmosphere. Place a 5-gallon 
drainage receptacle under the dump valve drain dis- 
charge point (located at the left of the engine acces- 
sory compartment access door); then disconnect the 
afterburner fuel line at the forward side of the after- 
burner manifold drain valve (located forward of the 
firewall). Connect an overboard discharge hose to the 
end of the disconnected afterburner fuel line and 
route it to another 5-gallon receptacle under the air- 
plane. Disconnect the flexible fuel line to the engine 
fuel pump inlet port and connect a 2-inch flexible 
hose to the pump inlet port. Place the other end of 
the hose in a 10-gallon container of preservative mix- 
ture. As a special nore, be sure to keep this 10-gallon 
container at least four feet above the pump inlet port. 
This will assure sufficient inlet pressure to the pump. 
If the container should become empty at any time 
during the following operation, shut off the engine 
starter and refill the container. 


Next, pull out the ignition circuit breaker on the 
breaker on the main wheel well circuit breaker panel, 
connect the external source of a-c and d-c power, and 
post a fire guard. Now connect the GTC unit air duct 
to the starter air duct receptacle in the main wheel 
well. Eight circuit breakers must be closed —FUEL 
SEL LH, FUEL SEL RH, FUEL CONT, AB CONT, 
AB POWER, EXT AC PWR, OIL PRESS, and MAS- 
TER. These circuit breakers are Jocated on the for- 
ward left hand auxiliary and main wheel well circuit 


breaker panels. 
Тһе rest of the fuel system preservation operation has 
to be timed (either a timer or a stop watch is satisfac- 


tory). Let us assume that you use a stop watch. Ad- 
vance the power lever to the TAKE OFF position; 


have the ground operator start the GTC unit and ad- 
just the unit speed to 100% run; start the stop watch 
at the same time the GTC unit reaches 100%. After 
15 seconds have elapsed, move the power lever out- 
board to the AFTERBURNER detent. When the watch 
reads 25 seconds, re-position the power lever to FULL 
MIL POWER. After 30 seconds total time, actuate 
the fuel control switch to EMERGENCY. Five seconds 
later, place the fuel control switch in the NORM po- 
sition and move the power lever to the OFF joel 
and then forward to the TAKE OFF position at a ios. 
steady rate. After 60-seconds total elapsed time simul- 
taneously shut off the starter and bring the power 
lever back to the OFF position. 


After the engine has stopped turniag, disconnect the 
2-inch flexible hose from the engine fuel pump inlet 
Then start the GTC again, adjust its speed to 1004 
and allow it to turn the engine over. With the e 
gine turning, spray about one-half pint of preservati 
mixture over the compressor inlet section. Be sure 
keep the spray gun about 18 inches from the c 
pressor inlet, and keep moving the gun constant 
assure that the entire compressor entrance are 
sprayed evenly. When you have completed the j 
ing, disengage the starter valve, shut down the 
unit, and disconnect the starter from the варі 


This completes the preservation operation / 
gine while it is installed in the airplane. 
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Disconnect the afterburner sensing line from the after- With the GTC unit operating at 100% speed, а 
burner igniter and provide a receptacle for the oil the power lever to che TAKE OFF peson D 
from this line. Leave the drain plugs our until the oil operator of the олсе ореп the sta 
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ку install it on rhe engine. When the preserva- 10 seconds of this, retary 


tive has drained out, replace and safety the drain non-afterburning. Aft 
lugs, and connect che sensing line. Then fill the en- ing, actuate the fu 

у oil tank with 5.5 gallons of oil, specification for 5 seconds. Т, 

MIL L-7808 and forward. 
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Flushing the Fuel System. 


As mentioned earlier, some ]57 engines are equipped 
with pneumatic starters and other engines are equipped 
with combustion-type starters. The procedure give 
in this training manual for flushing the engine 
system is for the pneumatic starter-equipped 
only. Information on flushing the engine ў 
n the combustion-type starter-equipped 


"ral preparations must 
ү to flush the eng? 
rations are safer 
те duties. У 
disconne « 
‘dine аса 
the fuel c. 
atmosphere 
sconnect the А 
' of the afterbu, 
‘rain hose to the . 
of the drain hose 
gallon recepracle shu 
arge of the fuel pre: 
ugh receptacles of oth 
yave at least the 5-gallon 
грей than normally expe 


engine is not going to be 

з operation, electrical power i. 
n Circuit breaker in the main 
Хег panel, connect the external sc 
wer, and post a fire guard. 


GTC unit air duct co the starter 
in the main wheel well, Eight cir- 
be closed—FUEL SEL LH, FUEL 
T, AB CONT, AB POWER, EXT 


b. 


k Er yd Аа рог 
*. MASTER. These circuit break- instal, 
forward left-hand auxiliary and the eng 


it breaker panels. You are now 


"һе fuel system flushing opera- А typical e, 


the power le 


те 


until the oil flow slows to a slow drip at all of the 
openings, then re-install and safety the drain plugs. 
The engine oil filter on the top of the main gear 
box has to be removed, completely disassembled, and 
cleaned with a suitable cleaner (JP-4 fuel is satisfac- 
tory for this purpose); after being cleaned the filter 
should be reinstalled. When you have accomplished 
the preceding operations, service the engine oil tank 
with 5V5 gallons of preservative mixture. For the exact 
type of preservative mixture, you should consult the 
controlling specifications and the engine maintenance 
technical order, (Т.О. 1Е-102А-2-4). 


Run the engine up before you start on the fuel system 
preservation operation. To assure that the preserva- 
tive mixture thoroughly lubricates the interior of the 
engine, operate the engine at 7596 power for a period 
of ten minutes. 


Preserving the Engine Fuel System. 


After shutting the engine down, following the oil 
preservation run-up, you are ready to begin preserving 
the engine fuel system. Disconnect the pressurizing 
and dump valve sensing line at the fuel control unit, 
cap the fitting on the fuel control unit but leave the 
sensing line open to atmosphere. Place a 5-gallon 
drainage receptacle under the dump valve drain dis- 
charge point (located at the left of che engine acces- 
sory compartment access door); then disconnect the 
afterburner fuel line ас the forward side of the after- 
burner manifold drain valve (located forward of the 
firewall). Connect an overboard discharge hose to the 
end of the disconnected afterburner fuel line and 
route it to another 5-gallon receptacle under the air- 
plane. Disconnect che flexible fuel line со the engine 
fuel pump inlet port and connect a 2-inch flexible 
hose to the pump inlet port. Place the other end of 
the hose in a 10-gallon container of preservative mix- 
ture. Ás a special note, be sure to keep this 10-gallon 
container at least four feet above the pump inlet port. 
This will assure sufficient inlet pressure to the pump. 
If the container should become empty at any time 
during the following operation, shut off the engine 
starter and refill the container. 


Next, pull out the ignition circuit breaker on the 
breaker on che main wheel well circuit breaker panel, 
connect the external source of a-c and d-c power, and 
post a fire guard. Now connect the GTC unit air duct 
to the starter air duct receptacle in the main wheel 
well. Eight circuit breakers must be closed —FUEL 
SEL LH, FUEL SEL RH, FUEL CONT, AB CONT, 
AB POWER, EXT AC PWR, OIL PRESS, and MAS- 
ТЕВ. These circuit breakers are located on the for- 
ward left hand auxiliary and main wheel well circuit 
breaker panels. 


The rest of the fuel system preservation operation has 
to be timed (either a timer or a stop watch is satisfac- 
tory). Let us assume that you use a stop watch. Ad- 
vance the power lever to the TAKE OFF position; 
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have the ground operator start the GTC unit and ad- 
just the unit speed to 100% run; start the stop watch 
at the same time the GTC unit reaches 100%. After 
15 seconds have elapsed, move the power lever out- 
board to the AFTERBURNER detent. When the watch 
reads 25 seconds, re-position the power lever to FULL 
MIL POWER. After 30 seconds total time, actuate 
the fuel control switch to EMERGENCY. Five seconds 
later, place the fuel control switch in the NORM po- 
sition and move the power lever to the OFF position 
and then forward to the TAKE OFF position at a slow, 
steady rate. After 60-seconds total elapsed time, simul- 
taneously shut off the starter and bring the power 
lever back to the OFF position, 


After the engine has stopped turning, disconnect the 
2-inch flexible hose from the engine fuel pump inlet. 
Then start che GTC again, adjust its speed to 10056, 
and allow it to turn the engine over. With the en- 
gine turning, spray about one-half pint of preservative 
mixture over the compressor inlet section. Be sure to 
keep the spray gun about 18 inches from the com- 
pressor inlet, and keep moving the gun constantly to 
assure that the entire compressor entrance area is 
sprayed evenly. When you have completed the spray- 
ing, disengage the starter valve, shut down the GTC 
unit, and disconnect the starter from the engine. 


This completes the preservation operation of the en- 
gine while it is installed in the airplane. You are now 
ready to proceed with engine removal. 


HOW TO DEPRESERVE THE J57 ENGINE. 


АП jet engines shipped from overhaul depots or engine 
manufacturers are preserved, to prevent engine cor- 
rosion. Ав a result, you will have to flush the engine 
fuel system and drain the preservative from the oil 
system. Мо special fluid is needed for the fuel system 
flushing operation—regular JP- fuel is entirely sat- 
isfactory. The basic idea of the engine depreservation 
operation is to drain the oil and then to crank the 
engine over (without starting it), so that fuel will be 
forced through the engine fuel system and wash away 
the preservative. Before starting the depreservation 
operation, fill the airplane fuel tanks. 


Depreservation of the Engine Oil System. 


In comparison to the depreservation operation for the 
fuel system, the engine oil system depreservation oper- 
ation is relatively simple. Place oil drain receptacles 
under the oil tank drain, the N; gear box near the 
oil temperature bulb connection, and the drain on the 
fuel/oil cooler. These are the same drains that were 
used to drain the oil in the engine preservation opera- 
tion which was discussed earlier in this section. Re- 
move each of the drain plugs and allow the preserva- 
tive to run. from the drains. 
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Disconnect the afterburner sensing line from the after- 
burner igniter and provide a receptacle for the oil 
Írom this line. Leave the drain plugs out unril the oil 
discharge slows to a slow drip. Then, remove апа 
completely disassemble che engine oil filter at che top 
of the main gear box. Clean this filter with a suitable 
cleaning solvent or JP-4 fuel. Then, re-assemble the 
filter and install it on the engine, When the preserva- 
tive has drained out, replace and safety the drain 
plugs, and connect the sensing line, Then fill the en- 
gine oil tank with 5.5 gallons of oil, specification 
MIL-L-7808. 


Flushing the Fuel System. 


As mentioned earlier, some J57 engines are equipped 
with pneumatic starters and other engines are equipped 
with combustion-type starters. The procedure given 
in this training manual for flushing the engine fuel 
system is for the pneumatic starter-equipped engines 
only. Information on flushing the engine fuel system 
on the combustion-type starter-equipped engines will 
be given in the engine maintenance technical order 
when the information is available. 


Several preparations must be made before you are 
ready to flush the engine fuel system, Some of the 
preparations аге safety precautions and others аге main- 
tenance duties. Never omit ану of these preparations. 
First, disconnect the pressurizing and dump valve 
sensing line ас the fuel control unit and cap the fit- 
ting on the fuel control. The sensing line can be left 
open to atmosphere during the flushing operation. 
Next, disconnect the afterburner fuel line at che for- 
ward side of the afterburner manifold drain valve and 
attach a drain hose co the disconnected line. Place the 
free end of the drain hose in a 5-gallon receptacle. 
Another 5-gallon receptacle should be placed under the 
drain discharge of the fuel pressurization and dump 
valve. Although recepracles of other sizes can be used, 
it is best го have at least che 5-gallon size in case more 
fuel is discharged than normally expected. 


Although the engine is not going to be started for 
the fuel flushing operation, electrical power is needed. 
Pull the ignition circuit breaker in the main wheel 
well circuit breaker panel, connect the external source 
of a-c and d-c power, and post a fire guard. 


Now, connect the GTC unit air duct го the starter 
air duct receptacle in the main wheel well. Eight cir- 
cuit breakers must be closed—FUEL SEL LH, FUEL 
SEL RH, FUEL CONT, AB CONT, AB POWER, EXT 
AC PWR, OIL PRESS, MASTER. These circuit break- 
ers are located on the forward left-hand auxiliary and 
main wheel well circuit breaker panels. You аге now 
ready to proceed wich the fuel system flushing орега- 
tion. 
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With the GTC unit operating аг 100% speed, advance 
the power lever to che TAKE OFF position. Notify the 
operator of che GTC unit to open the starter air valve 
and begin engine cranking. From this point, you 
should use either a timer or a stop watch со time rhe 
operation. Crank the engine over for 15 seconds, and 
then move the power lever to AFTERBURNER. After 
10 seconds of this, rerard the power lever back то 
non-afterburning. After 5 seconds of non-afrerburn- 
ing, actuare the fuel control switch to EMERGENCY 
for 5 seconds. Then move the power lever back to OFF 
and forward to TAKE OFF. This movement should 
пог take longer than 5 seconds. One full minute after 
you start the flushing process, retard che power lever 
to the OFF position and release che starter switch. 


At this time the ground-assisting crew man should 
check che amount of fuel in the 5-gallon receptacles. 
А minimum of chree gallons of fuel-oil mixture should 
have drained from the dump valve drain and about 
суо gallons from the afterburner fuel line. If less 
than this has drained, you should repeat the flushing 
procedure. If the minimum amounts are in the re- 
ceptacles, remove the hose from the afterburner fuel 
line, then reconnect the pressurizing and dump valve 
line and the afterburner fuel line. 


The fuel-filled fuel control unit must be allowed го 
soak for a minimum of eight hours, This soaking pe- 
riod is required го assure satisfactory sealing of the 
inrernal packingsand ro condition the internal syn- 
thetic rubber diaphragms. After che eight hour soak- 
ing period has elapsed, the engine is ready for run-up. 


ENGINE BUILD-UP. 


Each jet engine received from che manufacturer for 
inscallation in an airframe must have certain com- 
ponents and accessories inscalled, removed, and, in 
some cases, replaced. This operation of preparing an 
engine for airframe installation is commonly referred 
to as engine build-up, 


Almost every type of jet engine is designed and man- 
ufactured for use in more than one particular model 
and type of aircraft. Since all types of aircrafe are 
noc designed the same, as far as size and available 
space are concerned, aircraft engines must have their 
accessories and components located in such а manner 
as to compensare for the design peculiarities of each 
particular type of aircraft. Because of this fact, іс has 
become an accepted practice for the éngine manu- 
facturer to supply che airframe manufacturer with the 
basic engine that has just a few of the necessary com- 
ponents mounted. The airframe manufacturer then 
installs those other accessories and components which 
the engine will need in his type of aircraft. 


А typical example of the need for engine build-up is 
the power lever cross-over shaft that is installed on 
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the 157 engine by the engine manufacturer. This cross- 
over shaft must be replaced with another cross-over 
shaft by the airframe manufacturer. The original 
cross-over shaft is not compatible with the Е-102А 
power lever mechanical operating system. Another ex- 
ample of this nature is the outer exhaust nozzle leaves 
on the earlier J57 engines with the "iris" type of ex- 
haust nozzles. These leaves, like the cross-over shaft, 
were designed for engine installation on types of air- 
craft other than the F-102A. The engine shroud con- 
figuration on tbe F-102A makes these exhaust nozzle 
leaves unnecessary and they must be removed before 
the engine is installed. 


Now that you have a general idea of the need for en- 
gine build-up, let's go through a sample engine build- 
up operation and prepare a J57 engine for installation 
in the Е-102А. 


UNPACKING THE J57 ENGINE. 


The J57 turbojet engine is shipped from the factory 
in a pressurized metal container. In figure 3-1, the 
engine is shown in the shipping container as the cover 
is being removed. The skids on which the metal con- 
tainer is mounted provide a means for keeping the 
engine and container upright while the engine is be- 
ing shipped. 


Before you start to remove the engine container cover, 
check the dehydrating agent inside the container. A 
small humidity window in the end of the engine con- 
tainer allows you to visually check the small bag of 
dehydrating agent and determine whether the адепс 
is blue or pink. А dehydrating agent with a solid blue 
color indicates that moisture has not entered the con- 
tainer, while a pink-colored agent indicates that mois- 
ture has entered che container and engine corrosion 
has probably already started. 1f the dehydrating agent 
is pink, the engine should be handled in accordance 
wich the existing technical orders. Normally, though, 
you will find that the agent is colored blue, and after 
determining this, you can proceed with the container 
cover removal operation. 


Always release the air pressure from the container 
before attempting to loosen the hold-down bolts and 
remove the cover. The relief valve for this purpose 
is situated өп the end of the container adjacent со the 
humidity inspection window. In most cases, engine 
containers are pressurized to only about 5 psi so no 
great length of time is required го relieve the pressure. 


After removing all of the cover bolts, use a chain hoist 
or other suitable hoist or sling assembly го lift the 
container cover off. Моге in figure 3-1 how the sling 
assembly is attached to che engine со life the engine 
from the container. The sling attaches to one front 
and two rear atrach fittings. А special sling (SE-0945) 
will be furnished as specia! equipment with the 


POWER PLANT 


F-102A to provide a more efficient means for removing 
the engine from the shipping container and for lower- 
ing it on the engine build-up stand. The SE-0945 sling 
has provisions for lifting the engine, the engine and 
afterburner, or just the afterburner itself. 


The |57 engine is mounted on shipping rails inside 
the meral container. These shipping rails are secured 
to the container. In figure 3-1, note that there are 
four bolts in each rail. Prior to lifting the engine 
from the container, the nuts from these eight bolts 
must be removed. Figure 3-1 shows how the shipping 
rails are secuced to che engine mounts. 


After you have lifted che engine from the shipping 
container, keep the engine on the sling and remove 
the shipping rails from the engine. As shown in fig- 
ure 3-2, removal of the rails allows the right front 
thrust mount and its roller, and the left front mount 
brackec and its roller, to be installed on the front of 
the engine. These rollers are used only for engine 
build-up, engine removal, and engine installation. As 
you will see lacer in chis section, the rollers assist in 
moving the engine into the F-102A. All of the rollers 
must be removed after the engine has been installed 
in the Е-102А. The engine can now be lifted onto 
the rails of the engine removal and installation trailer 
SE-0635. The engine is chen ready for engine build-up. 


UNPACKING THE J57 AFTERBURNER. 


The afterburner is shipped from the factory in а 
wooden container. Іп figure 3-3, the container is shown 
with the top and one of the sides removed. Nore that 
this container also has a center of balance marker on 
the container. The bolts shown in the end of che box 
in the right hand portion of figure 3-3 are inserted 
through the afterburner mating flange and the box. 
These bolts hold the afrerburner firmly in place during 
shipment. Although not shown in the illustration, SE- 
0945 sling assembly is used со lift the afterburner from 
the box bottom and hoist it onto ап SE-0730-803 after- 
burner adapter stand. This stand is also furnished as 
special equipment with the Е-102А. It was designed 
for use with (һе Lockheed truck 205226 which is 
widely used by the Air Force. By using the Lockheed 
truck with the afterburner adapter stand, you can 
casily move the afterburner around. As you will find 
out from experience, this movabiliry aids greatly in 
the assembly of the afterburner to the engine. 


AFTERBURNER TO ENGINE BUILD-UP. 


The adapter stand, the Lockheed truck, and the after- 
burner are shown in figure 3-4, Note that the after- 
burner rests in the SE-0730-803 adapter stand which 
in turn rests on the rails of che Lockheed 205226 truck. 
Тһе engine, shown in the right portion of figure 3-4, 
is suspended in the SE-0635 engine removal and in- 
stallacion trailer. 
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Figure 3-1. 


Unpacking the 157 Engine 
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Figure 3-2. Preparing the 157 Engine for Engine Build-Up 
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Figure 3-3. Unpacking the J57 Engine Afterburner 
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Figure 3-4. Installing the Afterburner 
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Figure 3-5. Sundstrand Gear Box and Engine Starter Installation 


The afterburner installation is relatively simple. The 
adapter stand should be pushed up to the éngine so 
that the afterburner mating flange aligns with (һе 
engine attach flange. Then install che attach. bolts so 
that the Бос heads are towards the front of the en- 
gine as shown in view C of figure 3-4, When install- 
ing the attach bolts, you may find that a few bolts can- 
not be easily inserted in their proper holes. In this 
event, insert a drift pin in an adjacent hole and force 
the afterburner mating flange into the correct posi- 
tion—never hammer an attach bolt into its hole. You 
will probably find that there will always be a certain 
amount of “jockeying” involved in mating the after. 
burner with the engine attach flange; since there are 
60 bolts to be installed, this is to be expected. Remem- 
ber—never force che bolts into the holes. 


In view B of figure 3-4, note how two of the 
attach bolts also hold che bracket for che afterburner 
nozzle air-actuation tubes. After сћезе two bolts have 
been installed, the nozzle air-actuation tubes сап be 
joined at their connection point just forward of the 
afterburner mating flange. 


The afterburner астасћ bolts are torqued to approxi- 
mately 70 inch-pounds. For the exact torque value, 
refer to the maintenance technical order, (T.O. 1F- 
102A-2-4). The attach bolts should be pattern-torqued; 
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that is, you should start with rhe top bolt and work 
around in a counter-clockwise direction (looking from 
the front of the engine). 


HOW TO INSTALL THE SUNDSTRAND 
ENGINE-MOUNTED GEAR BOX. 


As you will recall from Chapter І, the Sundstrand 
constant-speed drive unir consists of two major com- 
ponents: an engine-mounted gear box; and an air- 
frame-mounted transmission and gear box. For the pur- 
pose of engine build-up, we are interested in only 
the engine-mounred gear box. Figure 3-5 shows the 
location of the gear box and how it is attached to the 
engine accessory drive case. Nore that the gear box 
shaft is splined го «һе accessory drive. The gear box 
is secured оп its mounting pad by six mounting studs. 


Тһе instalation of this unit should be relatively sim- 
ple—place the oil seal gasket over che mounting studs 
on the gear case, align the gear box shaft with the 
Bear case spline, and then slip the gear box over the 
six mounting studs. Tightening the six nuts and соп- 
necting the ой ІМ and OUT lines completes the gear 
box installation. 


HOW TO INSTALL THE ENGINE 
PNEUMATIC STARTER. 


'The engine starter is mounted on the forward face 
of the Sundstrand gear box as shown in figure 3-5. 
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Figure 3-6. Primary Hydraulic Pump Installation 


Noce that the starter installation is just about the same 
as the gear box installation. Afcer placing the gasket 
over the studs on the gear box, align the starter 
shaft spline with the gear box spline and slip the 
starter over rhe mounting studs. Then tighten the 
hold-down nuts and connect the electrical plug to the 
starter, 


On some of the later model F-102A airplanes, a com- 
bustion-type starter is used. The installation of the 
combustion-type starter is quite similar to that of the 
pneumatic starter shown in figure 3-5. А starter mount- 
ing head (adapter) attaches to the constant-speed gear 
box and the combustion-type starter then attaches to 
the mounting head. In addition to the electrical con- 
nection, the combustion-type starter also has a starter 
air line and fuel line which must be attached. Com- 
plete information on the combustion-type starters will 
be furnished іп the )57 епріпе maintenance technical 
order (Т.О. 1Е-102А-2-4), when the starters are fur- 
nished with the engine. 


HOW TO INSTALL THE PRIMARY AND 
SECONDARY HYDRAULIC PUMPS. 


Two hydraulic pumps must be installed on the )57 
engine during engine build-up—the primary and sec- 
ondary pumps. Each hydraulic pump supplies approxi- 
mately 3000-psi hydraulic pressure to its respective 


hydraulic system. The two pumps are identical in 
appearance and function, and they are interchange- 
ablé. Note in figures 3-6 and 3-7, that the hydraulic 
pumps are mounted on the righr and left side of che 
engine on the forward face of the engine accessory 
drive case. Each pump is splined individually to an 
accessory drive in the case. 


A nebular spline must be used to install rhe pump. 
Тһе nebular spline is a female spline adapter which 
fits over both the hydraulic pump spline and the en- 
gine spline. Usually, you will find it bese to slip che 
spline adapter over the pump spline and then align 
the adapter with the engine spline. This will allow 
you to slip the pump over the six mounting studs. 
Tightening che bolts and connecting the hydraulic 
lines finishes the pump installation. 


As a special note, always remember to fill the pump 
housing with hydraulic fluid, Specification MIL-0-5606, 
after you have installed the pump on che engine. The 
pump should be filled through the case drain line 
connection point. 


Although the installation for only one of the pumps 
has been described, the installation procedure is just 
the same for the other. As mentioned, the primary 
and secondary hydraulic pumps are interchangeable. 
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Figure 3-7. Secondary Hydraulic Pump Installation 


Тһе only difference is that either pump must be turned 
over before ic can be installed on the other pump 
mounting pad. The primary pump, for example, must 
be rotated 180? when it is used as a secondary pump, 
to insure that the pump fittings align with the аг- 
taching hydraulic lines. 


Comparing the installation of the two pumps, note 
that the case drain line for the primary pump con- 
nects to the bottom of the primary pump housing. The 
case drain line for the secondary pump connects to 
the side of the pump housing. The mounting face on 
each pump, primary and secondary, has four drain 
holes, Бас only опе is used. The other three drains 
are plugged. This type of design permits the pumps 
to be installed ол any type of engine and the most 
convenient drain opening can then be used. 


HOW TO INSTALL THE TACHOMETER GENERATOR. 


The tachometer generator is installed on the engine 
to furnish an indication of total engine rpm to the 
pilot on the tachometer instrument in the cockpit. 
Тһе tachometer instrument is calibrated in percent 
of engine М, compressor rpm. The tachometer gen- 
erator is installed on the accessory drive case imme- 
diately below the right hydraulic pump and the en- 
gine starter, as shown in figure 3.8. 
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Тһе installation of the tachometer generator is a typi- 
cal engine component installation and should пог 
create any problem. Note that the generator is splined 
to the accessory drive in the case and is mounted on 
four studs. When installing the generator, place the 
gasket over the studs on the gear case and align the 
generator splined shaft with the spline in che accessory 
gear case. This will allow you to slip the generaror 
down over the four mounting studs and tighten the 
hold-down nuts. Connecting the electrical connection 
on the generator and safetying the connector com- 
pletes the installation. 


HOW TO INSTALL THE POWER 
LEVER CROSS-OVER SHAFT. 


'The engine manufacturer's power lever cross-over shaft 
and bellcrank must be replaced with an assembly de- 
signed by the airframe manufacturer. This is necessary 
because the original cross-over shaft and bellcrank 
will not fit the F-102A's airframe-mounted power lever 
mechanical linkage system. 


Figure 3-0 shows how the cross-over shaft and bell- 
crank ride in two bearings. Note how the shaft and 
belicrank are secured to the bearings with collars and 
Clevis pins. The bellcrank assembly slips over the 
end of the cross-over shaft on the left side and is 


POWER PLANT 


Clevis-pinned to the shaft. This makes the shaft and 
bellcrank one solid unit. 


HOW TO INSTALL THE ОН, LOW-PRESSURE 
WARNING SWITCH. 


The oil low pressure warning system on the 157 en- 
gine notifies the piloc of dangerously low oil pressure 
conditions in the engine oil system. The oil low-pres- 
sure warning switch is actuated by a drop in the oil 
system pressure. When ой pressure drops occur, the 
switch closes and completes the electrical circuit со the 
oil low-pressure warning lights in the cockpit. When 
the pressure again rises, the switch opens and breaks 
the circuit, 


The warning switch is installed on two mounting 
brackets becween the М, and IN; compressors on the 
left side of the engine as shown in figure 3-10. Two 
of the compressor flange bolts must be used to secure 
each pressure switch warning bracket. Tightening the 
switch bolts, and then connecting the electrical lead 
and the two one-fourth inch tubes, compleres the 
installation of the switch. The operation of the warn- 
ing systems and theic components will be discussed in 
detail in Chapter ТУ. 


HOW TO INSTALL THE FUEL LOW-PRESSURE 
WARNING SWITCH. 


The fuel pressure warning switch actuates the warn- 
ing light which notifies the pilot of a dangerously low 
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Figure 3-9. Engine Cross-Over 
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fuel pressure condition in che engine fuel system. 
When a drop in fuel pressure occurs, the switch closes 
and completes the electrical circluit to the warning 
light in the cockpit. When the fuel pressure rises the 
switch opens and the warning light goes out. 


Note in figure 3-11 that the switch and mounting 
bracket are attached by bolts at three points on the 
lower left side of the accessory drive case. The fuel 
low-pressure switch has two tubing connections, the 
fuel pressure sensing line and the fuel drain line. 
Connecting these two lines and the electrical con- 
nection completes the low-pressure switch installation. 


HOW TO INSTALL THE FUEL FLOWMETER. 


The fuel flowmeter measures how much fuel the en- 
gine is consuming per hour. Note in figure 3-12 that 
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the flowmeter is installed on the right side of the en- 
gine between the exhaust nozzle control valve and 
the main fuel control unit. The flowmeter is secured 
to the М; compressor case by three attach bolts. The 
arrows on the attach points on the flowmeter indicate 
the correct attachment of the fuel OUT and IN lines. 
Тһе electrical lead that connects to the flowmeter runs 
to the fuel flow indicator in the cockpit. The internal 
details of this fuel flowmeter and the indicating in- 
strument will be covered in Chapter IV. 


HOW TO INSTALL THE AFTERBURNER 
NOZZLE POSITION SWITCHES. 


'The afterburner nozzle position switches detect the 
position of the afterburner nozzle. The switches then 
complete an electrical circuit to the indicating instru- 
ment in the cockpit. Nore in figure 3-13 (detail B) 
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Figure 3-11. Fuel Low-Pressure Warning 
Switch Installation 


that the switches are secured on the engine adjacent 


то the anti-surge bleed valve on the right side of the 


engine. In detail B of figure 3-13, you will not that 
а nozzle position cable connects to the position switch. 
Тһе movement of the afterburner nozzle causes the 
switch cam to depress one of the switches. The in- 
dicator in che cockpit will then show that the after- 
burner nozzle is open or closed, depending upon 
whether the OPEN or CLOSED switch is actuated by 
the сат, 


Although the switch installation is the same on both 
the -41 and the -23 engines, che position cable attach- 
ment at the exhaust nozzle is slightly different on che 
two engine models. This is shown in detail А of figure 
3-13. On the -23 engine the cable bracket attaches di- 
rectly to the nozzle door, while on the -41 engine the 
cable bracket attaches to the actuating cylinder. The 
operational and functional details of the afterburner 
nozzle position indicator switches and the indicating 
instrument will be covered in Chapter IV. 


HOW TO INSTALL THE SUNDSTRAND 
CONSTANT-SPEED DRIVE ОП, FILTER. 


The oil filter for the constant-speed drive unit insures 
that no foreign material enters the engine main oil 
system through the drive unit oil system. This oil filter 
is mounted on the upper right side of the N, and М, 
compressor attach flange. Three bolts on the compres- 
sor flange must be "picked up" to secure the filter 
bracket. Note in figure 3-14 how the marman clamp 
holds the oil filter in place. The oil OUTLET and 
INLET lines attach (о the filters by standard АМ 


fittings. 


HOW TO INSTALL THE ENGINE 
AIR INTAKE STUB DUCT. 


The engine air intake stub duct is designed to direct 
air into the engine and also со bleed off cooling air 
for certain parts of the engine. Installation of the in- 
take duct is shown in figure 3-15. Note that che duct 
attaches to the front frame of the engine, It is com- 
mon practice to insert the attach bolts so chat their 
heads are towards the front of the engine. The at- 
tach bolts must be torqued (as mentioned earlier in 
this chapter); all torque values for engine build-up 
should be obtained from the engine maintenance сесћ- 
nical order, (Т.О. 1F-102A-2-4). 


HOW TO INSTALL THE AIR/OIL 
COOLER AND DUCTING. 


Тһе air/oil cooler cools the engine oil. As shown in 
figure 3-16, the cooler is mounted on the engine just 
forward of the engine starter, The cooler is secured 
to the engine wich 12 bolts, six of which are engine 
flange attach bolts. The oil INLET and OUTLET lines 
connect to the left side of the cooler as shown. The 
other lines, shown in figure 3-16, routed through the 
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Figure 3-12. Fuel Flowmeter Installation 


cooler bracket on the right side, belong in other sys- 
tems. These lines use the cooler bracket as a stabilizer 
to prevent excessive vibration ог chaffing of the lines 
Моге in figure 3-16 how the air inler duct attachs to 
the air/oil cooler. The duct flange must go inside the 
air/oil cooler flange. 


HOW TO INSTALL THE ALTERNATE 
COOLING AIR VALVE. 


The alternate cooling air valve assures that the engine 
receives cooling air at low air speeds or when the 
engine is operating on the ground. The air valve and 
its accompanying ducting are installed near the top 
of the engine on the IN; compressor case. Моге in fig- 
ure 3-17 that the ducting for the air valve is made 
of flexible braided tubing. One end of the air valve 
ducting attaches to the engine shroud cooling duct; 
the other end of «һе ducting attaches to the air 
duct from the N, compressor case. Two flexible valve 
clamps hold the air valve securely in place between 
the rwo sections of braided ducting. Connecting the 
electrical lead and safetying it completes the installa- 
tion of the alternate cooling air valve. 


HOW TO INSTALL THE GROUND COOLING 
AIR DUCT CHECK VALVE. 


Аз you will note in figure 3-18, this check valve has 
three openings—a ground cooling intake (from the 
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Figure 3-13. Afterburner Position Indicator Switch Installation 
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air valve just discussed), an in-flight cooling intake, 
and an outlet to the transition duct ой the engine 
shroud. The check valve is mounted on the left side 
of the engine just below the fuel/oil cooler. The aft 
marman clamp secures the check valve to the engine. 
Note in figure 3-18, that the ground cooling air sup- 
ply duct attaches to the check valves by means of two 
bolts. The smaller duct from the air supply ducting 
attaches to the check valve by means of a small mar- 
man clamp, while the outlet of the check valve ас 
taches to the transition duct by means of a slip joint 
connection, This type of joint allows for duct expan- 
sion due to engine heat. 


HOW TO INSTALL THE LOW-PRESSURE 
PNEUMATIC BLEED DUCT. 


This low pressure pneumatic bleed duct is installed as 
a source of low-pressure pneumatic system pressure 
for operating various components in the airplane. The 
bleed duct is mounted on the top of the engine ас 
the aft end of the М; compressor case as shown іп 
figure 3-19. Іс is secured to the engine by three attach 
bolts at each connection point. 


HOW TO INSTALL THE COMPRESSOR 
BLEED VALVE ADAPTER. 


The compressor bleed valve adapters are installed di- 
rectly under the bleed valves that are furnished with 
the engine. The bleed valves themselves are installed 
on the upper right and left sides of the engine. А1. 
though rhe J57-P-41 engine has two bleed valves— 
one on each side of the engine, the -23 model engine 
has only the left hand bleed valve installed. 


Figure 3-20 shows a typical -23 engine. Note the 
adapter installed dircetly under the bleed valve. The 
airframe manufacturer has provided this adapter so 
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that the bleed valve will reach the opening in the air- 
frame. When you first receive an engine for engine 
build-up, you will have to remove the bleed valve 
from the engine and then secure the bleed valve 


Figure 3-15. Engine Air Intake Stub Duct Installation 
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Figure 3-16. Air/Oil Cooler Installation 


adapter with the same bolts that you took out when 
you removed the valve. The adapter chen attaches to 
the bleed valve by means of the marman clamp as 
shown in figure 3-20. Three l4-inch tubes connect to 
the fittings on the side of the bleed valve actuator. 


HOW TO INSTALL THE EXHAUST NOZZLE 
ACTUATOR INSULATING BLANKET. 


The exhaust nozzle insulating blanket is used only on 
157 engines with the "iris" type afterburner exhaust 
nozzles. The blanket insulates the afterburner actu- 
ating components from the engine heat. The insulat- 
ing blanket is fitted around the inside of the tailcone 
under che exhaust nozzle actuators, and it is laced in 
place with common safety wire. You will find that it 
is not necessary to remove the afterburner actuating 
mechanism co install the insulating blanket. Јизс loosen 
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the forward attach bolts on the actuating cylinder so 
that the blanket can be slipped around the tailcone. 
For furthet information on the installation of the 
insulating blanket, refer to саће engine maintenance 
technical order, Т.О. 1Е-102А-2-4, 


HOW TO INSTALL THE ENGINE SHROUD. 


The engine shroud provides efficient engine cooling 
and protects the airframe structure from excessive en- 
gine heart. As you can see from figure 3-21, the shroud 
is divided into two sections, The forward section of 
the shroud, with its transition duct, is positioned 
around the engine at the forward fire seal and is se- 
cured in eight places by eye bolts and nuts. The aft 
section is sécured to the forward section by a large 
marman clamp. Note that the aft section is also sup- 
ported in two places by two engine shroud support 
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Figure 3-17. Alternate Cooling Air Valve 
Installation 
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Figure 3-18. Cooling Air Duct Ground Check 
Valve Installation 


brackets апа turnbuckles. These two supports are ac- 
cessible through sliding access doors in the shroud. 
The aft end of the engine shroud must be held away 
from the engine by support blocks during engine 
biuld-up. The four regular support turnbuckles hold 
the shroud away from the afterburner when tbe en- 


gine is installed in the aircraft. 


HOW TO INSTALL THE М, ACCESSORY FAIRING. 


Тһе М, accessory fairing is mounted on the nose of 
the 157 engine at the air intake. Тһе accessory fairing 
houses the bleed valve governor and the ЇЧ, accessory 
case. Note in figure 3-22 that the fairing із secured 
in position by 12 studs in the accessory case. The hold- 
down nuts for the studs can be tightened only by 
reaching through the hole in the end of the fairing. 


POWER PLANT 


The nose cap is then installed with four bolts to com- 
plete the fairing installacion. 


ENGINE INSTALLATION IN THE F-102A. 


Jastalling che J57 engine in the F-102A airplane can 
be a compartively easy operation—providing you have 
and use the necessary ground support equipment. Fol- 
lowing the procedures and instructions in the main- 
tenance technical order (Т.О. 1F-102A-2-4) will also 
make the operation as simple as possible. To acquaint 
you with the general procedure and requirements of 
the engine installation operation, let’s go through a 
sample operation. 


PREPARATION FOR ENGINE INSTALLATION. 


The airplane musc first be readied for the engine by 
stabilizing th airplane in a relatively level position. 
This leveling process can be accomplished quite easily 
by use of standard aircraft jacks. Then remove the tail 
cone (if it is пог already removed) and either open 
or remove all of the fuselage access doors in the en- 
gine area. The tail cone removal is facilitated by the 
use of the Lockheed truck 205226 and the adapter 
stand SE-0731, which are shown in the lower right 


portion of figure 3-23. 
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Figure 3-19. Low-Pressure Pneumatic Bleed Duct 
Installation 
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Figure 3-20. Compressor Bleed Valve Adapter 
Installation 


Special installation rails and brackets must Бе іп- 
stalled inside the airplane to assist in rolling the en- 
gine into the airframe, These extension rails (SE-0857 
4801 and -802) are furnished as special equipment with 
the Е-102А. The extension rails and. their brackets are 
shown in their installed position in the upper view 
of figure 3-23. Detail C in figure 3-23 shows the typi- 
cal rai! support bracket installation—note that the 
support bracket fits inside the slot in the side of che 
installation rail. You will have to install three of 
these rail support brackets on each side of the fuselage. 
Тһе forward two support brackets, опе on each side of 
the fuselage, stay in the aircraft permanently. These 
eight brackets support the total weight of the rails 


and the engine while che engine is rolled into the 
airframe. 
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After you have the engine installation rails firmly 
secured to the fuselage structure, you are ready to 
move the engine up to the airplane. Ic is а good 
practice to position the engine mount stand SE-0635 
just айс of the fuselage so you can visually determine 
when the engine has been raised to about the right 
heighr. Then move the engine mount stand up close 
to the airplane. Using the jacks on the engine mount 
stand, raise the mount stand high enough thar the 
rails on the srand align with the rails chat you have 
installed in the airframe. When you have the two 
sets of rails aligned, insert the special rail splice bolts 
(provided with the stand) through both sets of rails 
so that the rails are locked together. Then attach the 
engine mount stand draw bar to the attachment bracket 
on the lower flange of the engine afterburner section, 
Keep in mind that this is just a general description 
of thé operation. Detailed operating instructions for 
the engine mount are included on an instruction plate 
attached to the stand. 


In detail C of figure 3-24 note the mount pad, the 
alignment ring, and che fuselage portion of the thrust 
mount. Place the alignment ring over the fuselage 
portion of the thrust mount, Then proceed with the 
next step—attaching the forward mount turnbuckles 
to the fuselage. It is a good practice to center the 
turnbuckle barrels between the turnbuckle eyes before 
you attach them to the fuselage. This will give you 
greater adjusting range with the turnbuckles after 
the engine is installed. At the same time you are 
attaching them to the fuselage, lubricate che turn- 
buckle threads wth grease—MIL-G-7187 or equivalent. 


INSTALLING THE ENGINE. 


Now you are ready to roll the engine into the air- 
frame. Make sure that all lines and equipment will 
clear the airplane, then roll the engine forward on 
the engine installation rails until the right front en- 
gine thrust mount contacts the fuselage fitting. This 
is the fitting оп which you have already placed the 
alignment ring. The assembled view of the forward 
mount fitting. is shown in detail A of figure 3-23. In 
figure 3-24, note the two engine support link as- 
semblies at the aft end of the engine. These assem- 
blies indicated by «һе number 7 are more commonly 
called "dog bones." By adjusting the "dog bones" and 
the forward mount turübuckle assemblies, you can lift 
the engine up from the engine installation rails. Raise 
the engine just far enough so that the engine support 
rollers turn freely. Ir is good practice to keep the 
number of rurns equal for both of the forward mount 


` curnbuckles. 


Now, remove the engine installation rails, the rail 
support brackets, and the forward and aft engine roll- 
ers. Ав mentioned earlier, che two forward rail sup- 
pert brackéts remain installed on the airframe. With 
the rails removed, adjust the forward right support 
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Figure 3-21. Engine Shroud Installation 


Ninkage until the alignment ring can be positioned and the mounting (соппестіоп, and secure the clamp: 
Adjust the forward left mount turnbuckle the зате 
number of turns that you did on the right mount 
turnbuckle. This will suspend che engine in a level 
install che clamp assembly over the alignment ring position. 


over the engine thrust mount. Keep track of the num- 
ber of turns that the turnbuckle is adjusted. Then, 
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Figure 3-23. Engine Removal and installation Equipment 
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E 
To position the aft portion of the engine correctly, 
you must first install the tail cone assembly. All of 
the tail cone installation bolts need пос be used since 
the cone installation is only temporary at this time. 
Having the tail cone assembly on the airplane will 
allow you to adjust the aft engine mounts so that (һе 
engine exhaust nozzle will center in the сай cone open- 
ing. Then remove the гаї! cone. 


Earlier in this chapter it was mentioned that support 
blocks were necessary to support the engine shroud 
on the engine when the engine was пос installed in 
the airplane. Your next step involves attaching the 
four shroud supports (8 in illustration) to the fuse- 
lage and then adjusting them until the shroud is cen- 
tered around the engine. The support blocks can then 
be removed. Then safety wire the shroud supports, 
the forward mount support turnbuckles, and the aft 
engine mount adjustment bolts. 


The J57 engine installation operation, from this point 
on, consists of making the connections at all of the 
engine disconnect points and installing the access 
doors. All connection points are accessible through 
the engine bay access doors. Once the engine has been 
"hung" in the airframe, there are about 28 separare 
steps to be accomplished to complete all engine con- 
nections, After completing all connections, the tail 
cone can be permanently installed. As the last step, 
install or close all of che access doors. 


You will find that a wise and safe practice to follow 
during engine installation is the checking off of each 
item as you accomplish it. This practice will preclude 
any inadvertent ommissions. The preceding descrip- 
tion of the engine installacion process should give a 
general, overall view of the engine installation opera- 
tion. For detailed information, refer to the power 
plant maintenance technical order, Т.О. 1Е-102А-2-4. 
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ENGINE REMOVAL, 


Removing the J57 engine from the Е-102А is just 
about the reverse of the engine installation operation 
discussed thus far, The preparation procedure, how- 
ever, is exactly che same. As you will recall, chis prep- 
aration procedure involved: stabilizing the airplane, 
removing the гаї! cone, inscalling the engine installa- 
tion rails, and positioning the SE-0635 engine mount 
stand so that the rails could be spliced together. The 
rest of the engine removal operation is just the re- 
verse of the installation procedure. 


In some cases, the engine will be out of service for a 
very short time, and, in this event, it will not need 
to be preserved. Where the engine is going to be out 
of service for an extended period, however, it must be 
preserved to prevent corrosion within the eagine. The 
engine preservation operation has already been out- 
lined in this chapter. 


SUMMARY. 


іп this chapter you have learned about che handling 
and maintenance requirements of the |57 engine when 
it is пог installed in the F-102A. Genera! practices and 
procedures for preserving and depreserving the en- 
gine were given to acquaint you with the need for 
engine preservation as well as with the operation it- 
self. This chapter also outlined the engine build-up 
operation that is necessary to prepare a new or over- 
hauled engine for installation in the F-102A. Тһе last 
portion of the chapter was devoted to the engine 
installation апа removal operations as they apply to 
the F-102A. In many cases, your maintenance duties 
will noc include performing any of the engine main- 
tenance, except for that required for installed engines 
on the flight line. Regardless of this, however, che 
knowledge of a!l engine requirements will prepare 
you to become a better )57 engine maintenance man. 
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Тһе engine instrument group, as rhe term implies, іп- 
cludes those instruments that make the pilot aware of 
the power plant operating conditions. Present-day jet 
engines, such as the J57, require some instruments that 
are not required by reciprocating engines. On the 
other hand, some of the instruments needed on recip- 
rocating engines are not needed by jet engines. You 
will find that the engine in the F-102A (the J57) has 
only five instruments, but each of these instruments 
is укаПу important to the successful operation of the 
engine. 


Тһе F-102A engine instruments and their positions оп 
the instrument. panel are shown in figure 4-1. "These 
instruments include the pressure ratio indicator, tach- 
ometer, exhaust temperature indicator, exhaust nozzle 
position indicator, and the fuel flowmeter. The alter- 
nate pressure ratio indicator which you will find on 
some Е-102А airplanes is also shown at the bottom 
of figure 4-1. АП of these instruments and their as- 
sociate systems will be discussed in this chapter. 


THE TACHOMETER. 


One of the instruments which tells the pilot how the 
engine is performing is the tachometer. Its function is 
to determine the revolutions per minute at which the 
engine N; compressor is turning and to provide an 
indication of that speed on the instrument dial. 


Several types of tachometers are used in present-day 
aircraft. In a single-engine airplane, which has the 
engine mounted directly ahead of the cockpit, a me- 
chanical tachometer is frequently used. This kind of 
tachometer is driven directly from the engine by a 
flexible shaft and operates much like an automobile 
speedometer. However, most modern aircraft use elec- 
trical cachometers, which eliminate the need of the 
direct drive shaft from the engine. The F-102A tach- 
ometer consists of an engine-mounted generator which 
is electrically connected to an indicator in the cock- 
pit, as shown in figure 4-2. The tachometer generator 
is mounted on the ]57 engine accessory drive case and 
is splined to the accessory drive gearing. When the 
engine is running, che generator also rotates, Моге спас 
the generator is secured to the engine accessory drive 
case by four mounting studs. Ав the generator turns, 
it produces an electrical signal which is transmitted 
to the indicator. The indicator, in turn, converts this 
electrical signal into the correct amount of IN; com- 
pressor rpm and then shows this rpm on the instru- 
ment dial. 


THE TACHOMETER GENERATOR. 


Тһе tachometer generator used on the Е-102А is at- 
tached to the front of the accessory drive housing on 
the right side of the engine. As you learned іп Chap- 
ter ІП, it is pad mounted; that is, the generator is 


79 


A 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


TACHOMETER 
INDICATOR 


FUEL FLOW 
INDICATOR 


AFTERBURNER 
EXHAUST NOZZLE 
POSITION INDICATOR 


PRESSURE RATIO 
INDICATOR 


81М507054 


EXHAUST 
TEMPERATURE 
INDICATOR 


FUEL QUANTITY 
INDICATOR 


PRESSURE RATIO 
INDICATOR 


ALTERNATE 
ARRANGEMENT 


Figure 4-1. Engine Instruments 


bolted to a flat, machined surface on the engine ac- 
cessory housing. The square-end shaft shown on the 
end of the generator in figure 4-4 projects from the 
generator into the engine accessory drive section where 
it is turned by the accessory drive gears. When the 
engine is operating at maximum rated rpm, the tach- 
ometer generator turns at 4200 rpm. 


Тһе tachometer generator shaft runs through the cen- 
ter of the rotor (armature) shaft. À pin connects the 
two shafts at the end opposite the mounting pad. This 
type of construction permits the generator drive shaft 
to absorb any vibrations that might result from slight 
wear and misalignment at the shaft connecting points. 
Thus, the rotor shaft—and consequently the rotor— 
will spin at the same rpm as the generator drive shaft. 
А bearing at each end of the rotor shaft supports the 
shaft within the generator. 


The rotor of the generator is a two-pole permanent 
magnet, made of very hard steel. Surrounding the 
rotor is the stator, made of a laminated, soft iron core 
around a three-phase winding. When the rotor is 
turned by the drive shaft, current is induced in the 
windings of che stator. Since the rotor has two poles 
(one north and one south), one complete revolution of 
the rotor will result in one cycle of alternating current 
in each of the stator windings. Three wires come from 
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the stator and carry this induced current to the gen- 
erator receptacle, and from there to the tachometer 
indicator in the cockpit. 


THE TACHOMETER INDICATOR. 


There is considerable similarity between the tachom- 
eter generator and the basic mechanism of the tachom- 
eter indicator, This should be understandable sínce the 
indicator incorporates a synchronous motor which has 
many of the same characteristics of the tachometer 
generator. The М; compressor rpm in the F-102A is 
indicated by the tachometer indicator in the percent 
of the engine's maximum rated speed. The dial of the 
indicator is calibrated from 0% to 100% in 296 incre- 
ments, beginning at the top of the dial and extending 
around for 2709. The large pointer on the indicator 
rotates around the large dial face. In figure 4-2, you 
will note that the indicator also has a small pointer 
and dial in the upper left portion of the large dial. 
This small pointer rotates around its dial once for 
every 1096 change in engine rpm. Using both the 
large and the small scales, che indicator can actually 
show up to 11095 engine rpm. 


As you might already know, the J57 engine rotates at 
approximately 10,000 rpm when it is developing max- 
imum thrust. Some J57 engines, however, will develop 
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Figure 4-2. The Tachometer Indicating System 
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their maximum thrust at an rpm percentage figure that 
is less than 100%. This variation in rpm percentages 
in different engines is a natural outgrowth of modern 
jet engine design and cannot be eliminated. The rpm 
at which a jet engine develops its maximum thrust is 
always stamped on the engine data plate. If you have 
а 157 engine, for example, that has 9600 rpm stamped 
on its data plate, that engine will develop its maxi- 
mum thrust when the tachometer indicator is register- 


ing only 96%. 


You should realize then, from the above paragraph, 
that a slight variation in engine rpm is not sufficient 
cause ro trouble shoot the tachometer indicating system. 
The important thing to remember is that the tachom- 
eter indicator should register about the same rpm that 
is stamped on the engine data plate when the engine 
is developing its maximum thrust. 


Аз just mentioned, the tachometer indicator íncorpo- 
rates a synchronous motor which is quite similar to the 
опе in the tachometer generator. The electrical power 
that operates the indicator motor comes from the ta- 
chometer generator. Since the indicator stator is wound 
in the same manner as the indicator stator in the gen- 
erator, a rotating magnetic field is set up in the stator 
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as it receives the induced current from the generator. 
Тһе rotor in the indicator motor is a permanent mag- 
net. Аз you probably know, a permanent magnet will 
line up in the magnetic field around an electrical 
conductor. Because of this fact, the indicator rotor is 
dragged around by the rotating magnetic field ser up 
by the generator current, Since the tachometer is 
geared directly to che engine accessory drive section, 
the rpm of the indicator rotor is an accurate indication 
of the rpm of the М, compressor. 


The exploded view of the tachometer indicator (figure 
4-5) will give you a good idea of how the indicator 
rotor action is turned into a dial indication of engine 
rpm. Note that the shaft which turns the indicator 
rotor also turns another permanent magnet called the 
drag magnet. Around the drag magnet is che drum, 
which—because of proximity to the drag magnet—is 
dragged around with the drag magnet. The hairspring, 
however, lets the drum rotare just so far. The amount 
that the drum can rotate depends upon the amount 
of current from the tachometer generator, and the 
strength of che holding hairspring inside the indicator. 
Since the hairspring strength is always constant, the 
drum movement will be directly proportional to the 
current from the tachometer generator and the engine 
rpm. From the preceding description you should re- 
member that the rpm of the engine is transmitted to 
the cachometer generator by gears, then to che rachom- 
eter indicator electrically, and finally to the indicator 
pointer by the magnetic force of the drag magnet. 


MAINTENANCE OF THE TACHOMETER 
INDICATOR SYSTEM. 


One of the most frequent troubles with tachometer 
systems—and especially electrical tachometers—is chat 
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Figure 4-4. Cutaway View of the Tachometer 
Generator 
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Figure 4-5. Exploded View of the Tachometer Indicator 


the indicator pointers have a tendency to stick or 
"hang up" during engine starting. This type of trou- 
ble, however, is not a malfunction of any part of the 
system, and it can be remedied by lightly tapping the 
instrument panel іп che immediate vicinity of the 
tachomerer indicator. If the indicator needle still sticks 
after the engine is started and you have advanced the 
power lever into the IDLE range, then something is 
definitely wrong and you will have to shut down the 
engine and trouble shoot the tachometer indicating 
system. 


An inoperative tachometer system can be traced to the 
indicator, generator, or the connecting electrical har- 
ness, Since you are not allowed to perform any inter- 
nal maintenance or repairs on either the generator or 
the indicator, the easiest way to trouble shoot: the 
system is to replace the components. Ап accepted 
method for line maintenance personnel is to first 
replace the indicator with an instrument that is known 
to be functioning satisfactorily. This will tell you 
whether the trouble is in the indicator or in the gen- 
erator and wiring. ЈЕ the condition persists after the 
indicator has been replaced, replace the tachometer 
generator. If the condition still has not been cured, 
then you will have to either replace the electrical 
harness or run a continuity check to determine whether 
there are any breaks or shorts. 
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THE PRESSURE RATIO q 
INDICATOR SYSTEM. 


On reciprocaring engines, the pilot needs two basic 
indications to determine how much power the engine 
is developing. These two indications are engine rpm 
and engine manifold pressure. On jet engines the pilot 
must also have two basic indications to know how 
much power the jet engine is developing. One of these 
indications, the М; compressor rpm, was discussed in 
the preceding section. The other indication is che ratio 
of the engine exhaust pressure to the intake air 
pressure. 


This pressure ratio is very important on al! jet engines; 
especially on dual spool (two-compressor) type turbo- 
jet engines, such as the J57. In the dual-spool type of 
engine, it is possible for one of the compressors to 
operate at near-stall conditions, without the tachometer 
Showing any appreciable change in rpm and without 
the pilot being aware of it. To really know how the 
engine is performing, the pilot needs an accurate 
measurement of the thrust rhat the engine is produc- 
ing. Тһе pressure ratio indicator provides this in- 
formation. 


Two different types of pressure ratio systems are used 
in the Е-102А airplane. Early airplanes use the direct 
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Figure 4-6. The Direct and Remote Pressure Ratio indicators 


reading system, while the later models use the remote 
reading system. In the direct reading system the pres- 
sures which are to be compared (intake and exhaust), 
are piped from the sensing areas and introduced di- 
rectly into the indicator instrument case. In the remote 
reading systems, however, a remote transmitter is used 
to measure the two pressures and then send electrical 
signals to the indicator in the cockpit. Both the direct 
and the remote reading indicators are shown in figure 
4-6. Each type of indicator is discussed individually 
in the following paragraphs. 


THE DIRECT READING INDICATOR. 


The direct reading indicator has a fixed dial that is 
calibrated from 1.2 to 3.4 to show the ratio of the 
tailpipe exhaust pressure to the engine intake pres- 
sure. The indicator also has a transparent dial which, 
in figure 4-7, has been detached so that you might see 
its dial markings better. This transparent dial can be 
rotated by manually turning the knob in the center 
of the dial. 


To use the pressure ratio indicator correctly, the pilot 
must first know the temperature of the outside air. 
This information is provided by the outside air tem- 
perature indicator. By turning the center knob on the 
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pressure ratio indicator, the pilot can ser the trans- 
parent dial so that the outside temperature will coin- 
cide with the temperature index mark on the fixed dial. 


If the outside temperature were 0°С, for example, the 
pilot would turn the transparent dial until the 0? mark 
was lined up with the temperature index mark. The 
range mark on the transparent dial would then indi- 
cate the most efficient power lever settings. The pilot 
would move the power lever until the pressure ratio 
indicator pointer was in the dial area covered by the 
range mark. 


How the Direct Reading System 
Indicates Pressure Ratio. 


Figure 4-8 shows an operational schematic view of the 
direct reading type of pressure ratio indicator, The 
diaphragm within the frame assembly is the tailpipe 
pressure diaphragm. When exhaust pressures enter this 
diaphragm, the diaphragm expands and raises the en- 
tire frame assembly. The amount of expansion depends 
upon the difference between the exhaust pressure 
inside the diaphragm and the pressure on the outer 
diaphragm surface. 


'The frame assembly can also rotate, or pivot, on its 
two axis points. This frame assembly movement is 
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Figure 4-8, Direct Reading Pressure Ratio Indicator Operational Schematic 


controlled by the inlet pressure diaphragm. This dia- 
phragm is a sealed, evacuated unit (aneroid type). 
Since the internal. pressure of this diaphragm is always 
conscant, the diaphragm will expand and contract ac- 
cording to pressure changes on its outer surface. The 
pressure on the outer diaphragm surface is the engine 
inlet pressure. As che engine inlet pressure increases, 
the diaphragm contracts and allows the frame assembly. 
to turn away from the rocking shaft. When the inlet 
pressure decreases, however, the diaphragm expands 
and pushes the frame assembly around towards the 
rocking shaft. š 
Note that the rocking shaft is geared to the indicator 
pointer, The rocking shaft is turned by the up-and- 
down movement of the frame assembly. As just noted, 
the up-and-down movement of che frame assembly is 


86 


controlled by the tailpipe pressure diaphragm, How- 
ever, the amount of pointer movement that can result 
from any speciftc tailpipe pressure depends upon how 
close the frame assembly is to the rocking shaft; and, 
as we have also noted, this depends upon the inlet 
pressure diaphragm. Note that the closer the frame 
assembly moves to the rocking shaft, the more the 
rocking shaft will be turned by a given amount of 
vertical displacement of the frame assembly. 


from the operational schematic, (figure 4-8), you can 
see that the indicator pointer movement is controlled 
by the tailpipe pressure and biased by the engine inlet 
pressure. By using constant mechanical advantages at 
each of the mechanical links in the indicator, the 
direct reading indicator can show the ratio, of the 
engine exhaust (tailpipe) pressure to che engine inlet 
pressure. 


- 


There is one disadvantage іп using a direct reading 
type of pressure ratio indicator; exhaust gases are 
piped directly into the cockpit of the airplane. A 
dangerous condition could result if the exhaust gas 
line were to leak in the cockpit area. To eliminate this 
possibility, a remote reading гуре of indicating system 
is installed in the later models of the F-102A. 


THE REMOTE READING PRESSURE 
RATIO INDICATOR SYSTEM. 


If you understand the operation of the direct reading 
type of indicator, you should have no trouble under- 
standing che remote reading суре of indicator. It fur- 
nishes the same information го the pilot, and in a 
similar manner. The measuring mechanism, however, 
is mounted in the fuselage area between the two en- 
gine intake ducts. This measuring mechanism is called 
a transmitter, and it connects electrically co che remote 
reading indicator іп the cockpit. As you will remem- 
ber from figure 4-1 in this chapter, the remote reading 
pressure ratio indicator uses the same mounting hole 
on the instrument panel that che direct reading indi- 
cator does. 


Тһе remove transmitter has two diaphragms just as the 
direct reading indicator does. Any pressure differences 
in either the engine inlet pressure or the exhaust pres- 
sure are sensed by these two diaphragms. But, instead 
of transmitting the movement of the diaphragm to 
the rocking arm and then to a pointer, the remote 
transmitter has a small synchronous motor which the 
sensing diaphragms control. 


According to the amount of diaphragm movement, the 
remote transmitter will send an electrical signal to the 
remote reading indicator in the cockpit. The indicator 
also has a synchro which is controlled by the signal 
from the transmitter, and it moves the indicator 
pointer an amount that is proportional to the amount 
of diaphragm movement in che transmitter. 


The Remote Pressure Ratio Transmitter. 


Figure 4-9 shows a side and end view of the remote 
pressure ratio transmitter assembly. Note on the end 
view that there are two tube fittings—one marked 
LOW and the other marked HIGH. The low-pressure 
connection receives the inlet air pressure while the 
high-pressure connection receives the exhaust pres- 
sure. In the center, you can see the electrical receptacle 
that provides power to the synchro transmitter inside 
the transmitter assembly, and carries the output signal 
from the transmitter to the synchro receiver in the 
indicator. The pressure and electrical connections are 
all on the base of the unit, rather than on the trans- 
mitter itself, because the base is attached firmly to air- 
craft structure and the transmitter is shock-mounted 
to the base. The curved tubes from the base to the 
transmitter carry the pressures to the transmitter case 
without interfering with the shock absorbing mount- 
ings. 
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HOW THE REMOTE TRANSMITTER PRODUCES 
А SIGNAL. Аз previously mentioned, the remote 
transmitter has two diaphragms inside an airtight case. 
One diaphragm is an evacuated bellows acted upon by 
inlet air pressure alone; the other diaphragm has ex- 
haust pressure inside and inlet air pressure outside. 
Ап increase or decrease in either of these pressures will 
tend to move the diaphragms. The movement of the 
diaphragms is passed through mechanical linkage and 
gears and results in the rotation of a rocking arm. This 
rocking arm is connected to the rotor of a synchro- 
transmitter inside the case. Аз the rocking arm is 
rotated, the rotor of the synchro-transmitter is rotated 
proportionally. 


The rotor is connected to an electrical source of power; 
and, as it is positioned within the stator windings, it 
will induce a specific current within each of the three 
windings. The rotor of the synchro-transmitter and 
the rotor of the synchro-receiver (in the indicator) are 
connected in series; and, as a result, both rotors will 
seek identical positions within cheir respective stators. 
This means that the same voltage is being induced into 
the stator of each of the transmitters. This, in effect, 
transmits an accurate indication of the ratio of pres- 
sures to the calibrated scale on the indicator dial. 


The Remote Reading Indicator. 


There are several differences between the remote indi- 
cator and the direct reading instrument. Note in figure 
4-10 that the dial of che remote indicator is calibrated 
for the same limits as the direct reading indicator, but 
it is positioned differently. There are two index mark- 
ers and two windows in the face of the dial. The read- 
ings in the small windows, and the position of the 
index markers, can be changed by the push-pull knob 
on the front of the indicator. 


When the knob is pushed in, it will turn the numbers 
in the lower window and reposition the lower index 
marker. When the knob is pulled out, it will turn 
the numbers in the upper window and reposition the 
upper index marker. The upper window and the 
marker indicate the cruise setting desired by the pilot, 
while the lower window and marker indicate the take- 
off reading which should show during takeoff. These 
dials and markers are mechanically connected to the 
knob and manually set by it. They are in no way 
affected by the indicating mechanism inside the indi- 
cator that turns the pointer. 


Inside the indicator case is a synchro-receiver, a mag- 
netic amplifier, and a servo motor, The position of che 
synchro in the transmitter unit provides che signal to 
the indicator through an electrical connection in the 
rear of the indicator case. The signal positions the 
synchro-receiver which in turn sends a signal via the 
amplifier со che servo motor. The servo motor then 
turns the point shaft to deflect the pointer and indi- 
cate the pressure ratio. 
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Figure 4-9. Remote Pressure Ratio Transmitter 
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То set the remote indicator properly, the pilot of the 
F-102A must do two things. First, he contacts the 
control cower to get the existing temperature at the 
field and the estimated temperature at the altitude at 
which he intends to cruise. He then consults his per- 
formance charts to determine what the settings on the 
indicators should be for the two temperatures. When 


" he turns the push-pull knob, the index marker and the 


numbers in the windows will show the same reading. 


You can see an example of these readings in figure 
4-10. Note that the upper index marker is between 2.5 
and 2.6 while the indication in its corresponding win- 
dow is the same, or 2.55. Note also that the lower 
window shows a reading of 1.80 and that its index 
marker is at the corresponding position on the dial. 


The windows serve only to give the pilot an accurate 
and simple method of telling what his index setting is. 
Note that the lower index (for takeoff) has a raised 
portion on one end. This is the most desirable position 
for the pointer during takeoff. However, it is safe to 
proceed with takeoff even if the needle goes beyond 
that point, or as long as it remains within the zone 
covered by the range marker. When the aircraft 
reaches the selected cruise altitude, the pointer should 
match the upper cruise index marker. The pilot then 
knows that his engine is performing efficiently. 


MAINTENANCE OF THE PRESSURE RATIO 
INDICATOR SYSTEM. 


Any troubles in the pressure ratio indicating system 
can usually be traced to a faulty transmitter, faulty 
indicator, or clogged sensing lines. When trouble 
shooting а malfunctioning indicating system, іс is best 
to first replace the indicator with a unit that is known 
to be serviceable. If the replaced indicator does not 
cure the trouble, the same thing should be done with 
the transmitter. When these two steps do not cure the 
trouble, you should then check the sensing lines to see 
whether they are clogged. This involves connecting a 
low-pressure air source to the sensing lines. Ít is pos- 
sible to damage some of the other components in the 
pitot-static system if the exact pressures and procedures 
are not used during the line check. Always refer to 
the F-102A Instruments Maintenance Handbook (T.O. 
1Е-102А-2-0) whenever you troubleshoot the sensing 
lines. The last thing to check in the pressure ratio 
indicating system is the electrical wiring becween the 
transmitter and the indicator. This can be done easiest 
by disconnecting the wiring from the transmitter and 
indicator, and then using a continuity light to check 


| each wire for an open circuit or short to ground. J 


AFTERBURNER EXHAUST NOZZLE 
POSITION INDICATOR SYSTEM. 


АП jet engines that have afterburners must have some 
means of controlling the opening at the engine exhaust 
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Figure 4-10. Remote Pressure Ratio Indicator 


nozzle. This control of the afterburner nozzle is neces- 
sary, because pressures and temperatures produced by 
the engine vary between normal burning and after- 
burning. Аз previously mentioned, the nozzle is closed 
during normal burning—that is to say, the opening is 
restricted. In this position, che exhaust opening is the 
best size to provide maximum exhaust velocity for the 
existing temperature and pressure conditions at the 
exhaust nozzle. If this opening is too large, the maxi- 
mum thrust cannot be developed by the engine. 


When afterburning is initiated, the temperature at the 
exhaust nozzle increases greatly. This temperature in- 
crease causes additional expansion of the exhaust gases, 
and if the nozzle opening is not enlarged the pressure 
and temperature in the afterburner will become exces- 
sive. The J57 engine has an adjustable exhaust nozzle 
with an indicator to tell che pilot whether the nozzle 
is in the open or closed position. This indicator is 
located on the right side of the instrument panel next 
to the pressure ratio indicator. 


THE EXHAUST NOZZLE POSITION INDICATOR. 


Тһе exhaust nozzle position indicator is a simple in- 
strument. Іс consists of two solenoids which rotate a 
spring-centered, three-position card within a small 
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Figure 4-11. Afterburner Exhaust Nozzle Position Indication Circuit 


sealed case. À window in the front of the case shows 
one of the three positions of the card. 


There are three indications which che exhaust nozzle 
posicion indicator can give; the one which appears in 
the window at any particular time depends upon 
whether опе of the two solenoids is energized or 
neither solenoid is energized. In figure 4-11 you can 
see che three types of indications and the correspond- 
ing electrical schematic that causes each of them to 
appear. Note that there are two switches in the system, 
only one of which can be actuated at any particular 
time. In che left diagram, you can see how the open. 
solenoid is energized when the left switch is closed. 
The circuit is completed to ground from the airplane's 
28-volt, d-c system, represented Бу emf (electromotive 
force). The middle diagram shows both switches open, 
so neither solenoid is energized. The diagonal lines 


90 


(barber-pole) appear on the dial because a spring holds 
the rotating card in the center position. This indication 
appears when both switches are open or when power 
failure occurs. In the third diagram, the circuit is com- 
pleted through the other switch energizing the closed 
solenoid. The CLOSED indication will appear as long 
as that switch is closed and the power supply is not 
interrupted. 


HOW THE SYSTEM OPERATES. 


The two switches are attached to the right side of the 
engine just below the compressor bleed valve. As you 
can see in figure 4-12, two cables connect the switch 
to the nozzle positioning cylinders. The upper cable 
is the nozzle position cable; the lower cable is a tem- 
perature compensating cable. Both are attached to 
spring plates in the switch assembly and serve to 
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Figure 4-12. Afterburner Exhaust Nozzle Position Switches 


rotate a cam. The enlarged view of the switch assembly 
shows how the cam actuates the switches. 


Note that figure 4-12 shows che actuating arm of che 
closed switch depressed by the cam. With the switch 
in this position, the circuit of the indicator is ener- 
gized as shown on the right view of che electrical 
Schematic which was just discussed and che CLOSED 
reading shows in the window. The dotted line showing 
the outline of the cam shows where the cam stops 
when the afrerburner nozzle is open. This posirion 
results in an OPEN indication because the оре» sole- 
noid is energized. It should be obvious from the illus- 
tration that both switches are open momentarily as the 
cam rotates from one switch to che other. Thus, the 
"barber-pole" shows on che indicator very briefly each 
time the afterburner nozzle is opened or closed. 


You should keep in mind that the switching mecha- 
nism does пог open or close the afterburner; that орег- 
ation is accomplished automatically when fuel pres- 
sure in the afterburner fuel control reaches certain 
limits. The sole purpose of the switch is to energize 
the correct indicator solenoids at the correct time. 


HOW THE SYSTEM IS RIGGED. 


From time to time, it becomes necessary to rig a cable- 
operated system. The afterburner position indicator 


system is no exception. Changing of a component in 
the syscem, a faulty indication in the cockpit, or a 
broken cable is sufficient reason to re-rig the system. 
First of all—what is rigging? Rigging is the act of 
making a series of adjustments to a mechanical or 
electro-mechanical system so that іс will perform its 
function properly. In the afterburner position indi- 
cator system we adjust two turnbuckles (and, if neces- 
sary, the two switches) to achieve this goal. 


То rig the system properly, we must have an ЗЕ-0947 
rigging gage. Two models of the rigging gage are 
used: the 157-Р-41 engine uses an 5Е-0947 gage, while 
the J57-P-23 engine uses ап SE-0947-801 gage. They 
are quite similar and perform exactly the same func- 
tion. The only difference between the two tools is that 
their methods of attachment to the engine differs. 
Тһе gage should be attached to the position indicator 
switch mounting bracket as shown in view B of figure 
4-13. As you will note, the gage has a movable pointer, 
a scale, and two rig pin holes. The rig pin holes (with 
rig pins installed) are used to keep the correct preload 
on both rhe cam and switch plate return springs. The 
dial indicator tells you whether you have changed your 
rigging while tightening the cables. If the rigging 
has been changed, the pointer will be pulled away 
from its index (zero) point. The switches are adjusted 
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Figure 4-13. Rigging the Afterburner Exhaust Position Indicator System 
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by moving them physically—thar is, che entire switch 
is moved either closer to or farther from the oper- 


ating cam. 


These instructions are for familiarization purposes 
only and are not intended as instruccions for rigging 
the system. For specific rigging instruction, refer 
to your Power Plant Maintenance Handbook, T.O. 


1F-102A 2-4. 


MAINTENANCE OF THE AFTERBURNER 
POSITION INDICATOR SYSTEM. 


Usually, any trouble encountered in the afterburner 
position indicator system can be immediately corrected 
by «Не rigging process just mentioned. However, if 
the rigging of the system is satisfactory, the indicator 
itself should be checked against a known satisfactory 
unit. In case the trouble still exists, a continuity check 
of the wiring should isolate the trouble. 


EXHAUST TEMPERATURE INDICATOR. 


The exhaust temperature of a jet engine, like the cyl- 
inder head temperature of a reciprocating engine, is a 
good. indication of che over-all operating temperature 
of the engine. By way of further comparison, the jet 
engine exhaust temperature indicator is very similar 
to the instrument used to measure the cylinder head 
temperatures of piston engines. Both are chermocouple 
thermometers which measure the difference between 
electrical potentials of two metals in contact with each 
other. Figure 4-14 shows the exhaust temperature indi- 
cator and one of the four thermocouples used in the 
F-102A exhaust temperature indication system. 


THERMOCOUPLES. 


А thermocouple is a combination of wires, each wire 
made of a different metal with each having a different 
electrical potential. 1# two such wires are connected 
together at one end and that junction point is heated 
above the ambient temperature of the opposite end 
of each wire, the joined wires become a source of 
electricity, the potential of which varies with the cem- 
perature, This physical phenomenon, known as ther- 
mo-electric effect, is the principle behind every 
thermocouple. 


Тһе thermocouples used in the exhaust temperature 
indicating system are made of chromel-alumel mate- 
rial. They are mounted in probes which project into 
the tailpipe section of the engine just абс of the tur- 
bines, and are approximately 90? apart. The thermo- 
couples are connected in parallel with each other by 
leads made of chromel and alumel material. 


THE EXHAUST TEMPERATURE INDICATOR. 


The temperature of the thermocouples is shown on 
the dial of the indicator in degrees centigrade—the 
scale is calibrated from 0? со 1000°. As you can see іп 
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Figure 4-14. Exhaust Temperature Indicator and 
Thermocouple 


figure 4-14, there are no external controls or adjust- 
ments on the indicator. Internally, the indicator con- 
sists primarily of a moving coil mounted on pivots 
within a curved permanent magnet. Rotation of the 
coil is limited by two springs, one on each end of 
the coil. А pointer moves with «һе coil to show che 
temperature indication, The entire indicator is sealed 
and filled with helium. 


Now take a look at the schematic illustration (figure 
4-15). Note that the leads from the thermocouples 
connect to the coil through the springs, making a 
complete circuit. Аз you know, when current flows 
through a conductor, such as this coil, a magnetic 
field is set up. This magnetic field around the coil has 
both strength and direction, just as (һе field around a 


permanent magnet. 


Note also that the coil is situated directly berween the 
ends of the curved permanent magnet. The magnetic 
flux around such a magnet is concentrated between the 
two ends ог poles. Thus, the coil tends to take a defi- 
nite position between the ends of the permanent mag- 
net. Аз you already know, like poles repel and unlike 
poles attract, so the coil cends to turn until each of its 
poles is close to the opposite pole of the permanent 
magnet. 
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Figure 4-15. Exhaust Temperature Indicator 
Operational Schematic 


If there were no restraining springs, the coil would 
always line up perfectly (with the poles in the normal 
relative positions) whenever there was a temperature 
difference between the "hor" end (thermocouple) and 
the "cold" end (indicator) of the system. Obviously, 
such an indicator would be of no value since it would 
always read the same. By the use of springs of the 
correct tension, the coil is permitted to move only an 
amount proportional to the strength of the magnetic 
field around it, which, as mentioned earlier, varies 
with the temperature differential. 


Temperature Compensation. 


Тһе coil springs just discussed also serve another pur- 
pose; they are temperature compensators. The amount 
of rotation of the coil depends on the strength of 
its magnetic flux, which in turn is proportional to the 
difference in temperature between the thermocouple 
and the indicator. But that isn't exactly what we want 
to know. If the exhaust temperature із 600°C, we want 
the indicator to say 600°С, regardless of the tempera- 
ture in the cockpit. 


You can see then chat the indicator must be set to 
read the cockpit temperature first so that the addi- 
tional rotation of che coil will cause it to read actual 
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exhaust temperature. The springs accomplish this for 
us because they are made from laminations of dif- 
ferent metals which, react differently to temperature 
changes. 


Figure 4-16 shows how these bimetallic springs work. 
Note that the strip of brass in the laminated metal 
expands more than the strip of iron when heat is 
applied, causing the laminated strips ro bend. In the 
same manner, the springs in the exhaust temperature 
indicator tighten up or straighten out with changes 
in cockpit temperature. In this way the coil, and 
therefore the pointer, are rotated to indicate the cock- 
pit temperature, 


Тһе additional rotation, caused by the difference in 
temperature between the indicator and thermocouple, 
brings the pointer to a position proportional to the 
total exhaust temperature. Thus, the indicator pointer 
reflects the total of the temperature at the indicator, 
plus the difference between the temperatures at the 
indicator and che thermocouple. If you disconnect the 
thermocouple leads the indicator will show the ap- 
proximate cockpit temperature. 


Another temperature compensation problem results 
from the variations in electrical resistance of most 
metals with temperature changes. At a given tempera- 
ture difference, the voltage generated in the circuit 
will produce a current inversely proportional to che 
resistance (Ohm's law). For any particular tempera- 
ture difference between the "hot" and "cold" ends 
of the system, the current must always be the same. 
Therefore, а “neutralizer” is included in the indicator. 
This neutralizer is a resistor in which the resistance 
becomes less as the temperature increases. In that way 
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Figure 4-16. Effect of Temperature Changes оп 
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it keeps the total resistance of the system constant 
for any temperature difference. 


SYSTEM CALIBRATION PROVISIONS. 


We have discussed the importance of keeping the 
resistance of the system complerely constant so the 
indicator will receive the right amount of current and 
give a correct indication. There are several things that 
might alter this resistance and consequently affect the 
accuracy of the indication. For example, if you re- 
place any of the components of the system, as would 
happen when you change engines, there could be a 
slight change in che resistance. Even changing a ter- 
minal on the leads could alter the resistance. There- 
fore, а calibrating resistor is included in the system 
and is located on the right side of the cockpit above 
the master warning control box. You can use an ordi- 
пагу Wheatstone bridge-type of tester to decermine 
the correct adjustment of the resistor. 


А special testing unit (SE-0783) is required to test the 
accuracy of the complete system. This test unit oper- 
aces on а 115-vole, 60-сусје power source. You will 
note in figure 4-17, that the test unit has a lead in- 
corporating a probe heater with an extension handle. 
Тһе calibration and functional check of the system 
is made by heating each probe individually and check- 
ing the temperature indication in the cockpit against 
the reading of the rest unit. When each probe has been 
Checked individually, probes should all have heaters 
installed and che complete system checked against che 
test unit. If this indication is not within +10°C of 
the indication on the test unit, the system must be 
calibrated. This is accomplished by adjustment of 
the calibrating resistor in the cockpit. 


FUEL FLOW INDICATING SYSTEM. 


Any large jet engine uses tremendous quantities of 
fuel. The rate at which the engine uses fuel varies 
greatly, depending upon the power lever setting. Since 
airplane space and weight restrictions limit the amount 
of fuel that can be carried, the jet pilot is always 
vitally concerned with how fast the fuel supply is 
being consumed. Without this information, he cannot 
éstimate accurately how long he can stay away from 
his base. 


Тһе rate of fuel consumption is also an indication of 
the efficiency of the engine. For these reasons, the 
F-102A uses а fuel flow indicating system. The two 
main components in che indicating system are shown 
in figure 4-18. The transmitter is mounted on the 
engine, while the indicator is situated on the engine 
instrument portion of the instrument panel. 


THE FUEL FLOW TRANSMITTER. 


The transmitter for che fuel flow indicating system is 
attached го the right side of the engine, adjacent to 
the oil pump and accessory drive housing. Ir is located 
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in che main fuel line between the fuel control unit 
and the fuel oil cooler. Ап a-c synchro-cransmicter is 
contained within the transmitter unit to send signals 
to the fuel flow indicator in the cockpit. 


From the discussion of the pressure ratio indicator, you 
should be familiar with how the synchro-transmitter 
position of this component operates, so just the mie- 
chanical portion will be discussed here. The opera- 
tional schematic in figure 4-19 will help you to 
see how the flow transmitter operates, Fuel flowing 
through the transmitter enters the port on the right 
and leaves through the port on the lefr, as shown by 
the arrows. Notice that a hub, with a vane projecting 
above it, 15 mounted іп the flow area. А spring within 
the hub resists the force of the fuel flow, and tends 
to keep the vane in the upstream position at all times. 
The actual position taken by the hub and vane assem- 
bly depends on the rate of flow of the fuel which sur- 
rounds it. Therefore, we can call the vane and hub 
assembly the gage unit of the fuel flow transmitter. 
Now, let's follow the train of action to see how the 
position of che vane and hub is carried to the synchro. 


How the Transmitter Produces a Signal. 


Notice in figure 4-19 that there is no direct mechanical 
connection between che gage unit, which does the 
measuring, and the transmitting unit, which signals 
the indicator in the cockpit, The shaft of the hub is 
not geared to the sector shaft, Instead, a permanent 
magnet on the hub shaft surrounds a permanent bar 
magnet which drives a pinion gear. The relative posi- 
tions of these magnets will tend to stay the same; 
when the gage unit rotates the ring magnet, the Баг 
magnet turns with it so chac the opposite poles of 
the two magnets are always lined up. You can see 
then how the reaction of the bar magnet and pinion 
to the movement of the ring magnet will move the 
sector shaft and drive che synchro. This method of 
driving the synchro permits the electrical part of che 
fuel flow transmitter со be isolated from che fuel- 


carrying part. 


THE FUEL FLOW INDICATOR. 


The fuel flow indicator is calibrated to show the rate 
of flow from 0 to 12,000 pounds per hour. Ав you have 
seen in the illustration of the flowmeter (figure 4-18), 
the dial is graduated every 100 pounds up (о 3000 
pounds, and in 1000 pound increments from 3000 to 
12,000 pounds. 


Since the fuel flow transmitter positions a cransmitting 
synchro, it should be obvious thar the indicator is 
а synchro instrument containing a synchro-receiver, 
Power to operate this synchro system comes from the 
airplane's 26-volt, 400-cycle, a-c electrical source. You 
have already learned the fundamenrals of the synchro- 
receiver, so further details on this receiver will пос 
be discussed. 
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Figure 4-17. Exhaust Temperature Indicator System Test and Calibration 
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Figure 4-18. Fuel Flow Indicator and 
Transmitter 


Maintenance of the System. 


If you should have any reason to doubt the accuracy 
of the indicator, disconnect the transmitter and plug 
the leads into a master synchro-transmitter. If «һе іп- 
dicator pointer smoothly follows the movement of 
the test transmitter, the trouble lies in the airplane's 
fuel flow transmitter. There are no external provisions 
for adjusting either the indicator or the transmitter, 
50 you must replace the faulty unit. 


THE POWER PLANT WARNING SYSTEMS. 


There are five individual warning systems for the J57 
jet engine. These include the structural overheat, fire 
detector and overheat, fuel pump, oil pressure, and 
engine anti-ice warning systems. If you consider the 
meaning of the name "warning system," you will 
realize that these systems merely notify the pilot of 
the dangerous conditions in che power plant. The 
pilot himself must take the corrective action to elimi- 
nate the condition or to protect himself and the air- 
plane from any possible danger. 


The warning lights for all of the warning systems in 
the Е-102А are centrally located іп one master warning 
light panel. The panel, consisting of 16 different lights, 
is located on the right side of the pilots instrament 
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panel. The warning lights are numbered from 1 
through 16. In addition to its number, each light also 
has the system or function name stencilled on the 
lens. These names are not visible, however, unless the 
bulbs in back of the warning light lenses are illumi- 
nated. 


In addition to the 16 individual warning lights, the 
F-102A also has an amber-colored master warning light. 
This master light is located on the upper right side 
of the main instrument panel. When any condition in 
the airplane causes one of the 16 warning lights to 
light up, the master warning light also comes on. Since 
the master light is located directly in front of the 
pilot, it attracts his attention more quickly than the 
individual lights. It notifies him to check the in- 
dividual lights on the warning light panel. 


After the pilot has taken the necessary corrective ac- 
tion, he can press the RESET switch on the right con- 
trol console, This switch extinguishes the master warn- 
ing lighe. If anocher of the 16 warning lights should 
come on, the master warning light will light up again. 
The pilot then determines which warning light is 
on, takes the necessary corrective measures, and then 
presses the RESET switch again. 


SYNCHRO 
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Figure 4-19. Fuel Flow Transmitter 
Operational Schematic 
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Figure 4-20. Structural Overheat Warning System Schematic 


The power plant warning systems use the warning 
lights numbered 1, 4, 5, 7, and 8. Each of the power 
plant warning systems will be discussed individually 
in the following sections of this chapter. 


THE STRUCTURAL OVERHEAT WARNING SYSTEM, 


Тһе structural overheat warning system uses the first 
(top) warning light on the warning light panel. This 
warning system notifies the pilot of excessive heat 
conditions in the fuselage structure at station 614.00 
or the area just ahead of the гаї! cone fairings, 


The detecting device for the structural overheat sys- 
tem is a mercury-operated temperature sensing switch 
which is attached (directly to the fuselage structure, 
Only that portion of the switch which touches the 
fuselage structure is sensitive to temperature changes. 
This limits the switch to sensing structural tempera- 
tures only. The switch is preset to actuate whenever 
the structural temperatures rise above 2459Е, 


When the switch is actuated, both the master warn- 
ing and structural. overheat warning lights come оп. 
These lights notify the pilot that a power reduction 
should be made and a reduced-speed flight condition 
established until the temperature decreases. If che 
system warning lights come on during ground run-up, 
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you should shut the engine down immediately and 
investigate the condition. 


Figure 4-20 shows the electrical schematic of the 
structural overheat warning system. Note that the 
current is taken from the 28-volt d-c essential bus. 
The five-amp, push-pull type circuit breaker, which 
protects the circuit from current overloads, is located 
on the main wheel well circuit breaker panel. Follow- 
ing the current from the essentíal bus and the circuit 
breaker, note that it travels to the switch. When this 
Switch 15 actuatéd by an overheat condition, the cur- 
rent will flow to the master warning box where it 
causes the master warning light to illuminate, and 
then on the individual system warning light. Тһе 
structural overheat warning system as described ‘above 
is used on the very early models of the F-102A. 


THE FIRE DETECTOR AND 
OVERHEAT WARNING SYSTEM. 


The fire detector and overheat warning system, as its 
name implies, does two things—it notifies the pilot 
of an engine overheat condition and notifies him of a 
fire condition. Although each section of the warning 
system does just one job, both sections use the same 
warning light in the cockpit. By routing the electrical 
signal from the overheat circuit through a flasher, 


о 


о 


the warning light is made to flash оп and off when- 
ever an engine overheat condition exists. In the event 
of fire, the warning light will come on and burn 
steadily. 


You should not confuse the engine overheat warning 
system with the structural overheat warning system. 
As just mentioned, the structural overheat warning 
system is used on just the very early models. The fire 
detector and overheat warning system, described in 
the following paragraphs 15 used on all models. 


Both the overheat and the fire warning sections of the 
warning system use detector loops. These detector 
loops are the temperature sensing elements of the 
system. The loops are actually a type of coaxial cable 
with electrical connecting fittings on each end. The 
cables are constructed of an inner electrical conductor 
within an outer sheath of corrosion-resistant alloy. 


Тһе space in the cable between the inner conductor 
and the outer covering contains a thermistor-type heat- 
sensitive compound. The electrical resistance of this 
heat-sensitive compound varies inversely to the tem- 
perature. Under normal operating conditions the com- 
pound acts as a good insulator; but when a "hot" spot 
develops anywhere along the detector cable, the re- 
sistance of the compound drops and allows current to 
flow from the inner conductor to the outer portion of 
the coaxial cable. This completes the detector circuit 
to ground and the warning light comes on. 


How the Fire Detector and Overheat 
Warning System Operates. 


Figure 4-21 shows where the components of the warn- 
ing system are located in che airplane and how the 
system operates. Nore in the upper portion of the 
illustration that the overheat detector loop and the 
fire detector loop are situated in different sections of 
the engine compartment. The detector relays, the over- 
heat flasher, and the detector control boxes are fo- 
cated in the upper electronics compartment. 


'To get a good idea of how the warning system oper- 
ates, let us trace che current flow in the schematic in 
the lower portion of figure 4-21. The current for the 
warning system, like all of the other warning systems, 
is taken from the 28-volt d-c essential bus. After it 
passes through the push-pull 5-amp circuit breaker, 
the current flows to the two detector control boxes 
and to the junction point of the two relays. Note that 
the warning lights must receive their current from 
either one of the detector control boxes before the 
lights will illuminate. However, the contro! boxes 
cannot send current to the lights until che warning 
light circuit is grounded at some point. 


In the preceding section, you learned that the detector 
loops ground out whenver they are subjected to a 
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"hot" condition that lowers the internal resistance of 
the detector loops. Whenever one of the cables grounds 
out, its detector control box circuit will be completed, 
and current will flow to the lights. If the оуегћеаг 
loop is subjected to the "hot" spot, the current from 
the overheat detector control box has to flow to the 
overheat detector flasher before it passes on to the 
warning lights. This causes the warning light ro flash 
on and off during the overheat condition. Since the 
fire detector circuit does not have a flasher unit, a 
fire condition causes the warning light to burn steadily. 


Тһе test switch, shown in the right hand portion of 
the electrical schematic, will allow you to ground 
check the warning system without heating any part 
of the coaxial! cable detector loops. This switch is 
located to the left and above the cachometer. A small 
test light is mounted on the right side of the test 
switch. The test switch does the same job that the 
detector loops do during an overheat or fire condition 
--іс grounds the circuit and allows the respective con- 
trol box to send current to the warning lights. Ву posi- 
tioning the switch to either the FIRE or OVHT posi- 
tion, the pilot can determine whether the warning 
systems are functioning properly. 


Maintenance of the Fire Warning 
and Overheat Warning System. 


Malfunctions developing in this warning system may 
stem from the control boxes or the detector loops. 
Both the boxes and the loops are delicate units and 
can be damaged during installation by rough han 
dling or improper installation. Because of the nature 
of this warning system, the only indications of any 
malfunction will be the warning light coming on 
when neither an overheat or fire condition exists, or 
the lights not coming on when the undesirable con- 
ditions do exist. 


From the discussion of how the warning system op- 
erates, you should know that a premature warning 
light indication is caused by some part of the detect- 
ing circuits shorting out to ground. The easiest way 
to determine whether the control boxes or the detector 
loops are defective is to replace the control box with 
a unit that is known to be good. If the substitute con- 
trol box does not cure the difficulty, you will have 
to check all of the detector loops for possible breaks 
or loose electrical connectors. No rework is allowed 
on any of the loop segments, so you will have to re- 
place any defective detector loop with a serviceable 
item. 


THE ENGINE FUEL LOW-PRESSURE 
WARNING SYSTEM. 


Тһе engine fuel low-pressure warning system notifies 
the pilot when sufficient fuel pressure is not being 
supplied by the main engine stage of the fuel pump. 
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Figure 4-22. Engine Fuel Pump Low-Pressure Warning System 


Тһе system consists of a warning light on the warn- 
ing indication panel, and a pressure switch on the 
lower left side of the oil pump and accessory drive 
housing of the engine. А pressure sensing liae is in- 
stalled between the switch and the pressure side of the 
fuel pump engine stage. Note in figure 4-22, that when 
fuel pressure drops in the fuel pump outlet line, the 
pressure warning switch closes and allows current 
from the 28-volt d-c essential bus to illuminate the 
warning light in the cockpit. As you can see in the 
illustration, the pressure warning switch is operated 
by the sensing bellows. Fuel pressure is routed to the 
outside of the bellows and forces the switch to open. 
The switch is shown in the open position in the sche- 
matic (figure 4-22). When the fuel pressure is low or 
when the engine is shut down, the sensing bellows 
expand and close the switch. This allows current to 


flow from terminal B to the master warning box and 
then to the engine fuel pump warning lights. 


The warning lights will always come on when the 
engine is first being started. After the engine has at- 
tained starting speed, however, the fuel pump will 
put out sufficient pressure со force the bellows to open 
the switch and the lights will go off. The sensing 
bellows of the pressure switch are set to open the 
switch before the fuel pressure reaches 125 psi and 
to close che switch when the pressure drops below 


105 psi. 
Maintenance of the Fuel Low-Pressure 
Warning System. 


You will find that the maintenance requirements оп 
the fuel low-pressure warning system will be about 
the same as the requirements on the other warning 
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systems. You should keep in mind, however, that the 
warning lights will light temporarily when the engine 
is being started. After the engine has attained idling 
speed, the lights should go off if the warning system 
is functioning properly. 


'The malfunctions of the warning system will include 
premature lighting of the warning lights or the lights 
will not illuminate at all. As you have noted in figure 
4-22, the warning lights are supplied current when- 
ever the pressure switch closes. When you trouble 
shoot a malfunctioning fuel low-pressure warning sys- 
tem, always check the light bulbs first. If they are not 
burned out, you will probably find it best to replace 
the pressure switch with a serviceable unit. Although 
this is not actually trouble shooting the warning sys- 
tem, the ease with which the switch can be replaced 
makes this a simpler remedy than checking the en- 
tire circuit with a continuity light or voltmeter. If re- 
placing the switch does not correct the trouble, how- 
ever, you will have to check out the entire circuit for 
an open or broken lead, or a short to ground. If the 
warning system still malfunctions after completing 
the circuit trouble shooting, the trouble lies іп the 
fuel pump, and this requires replacing the pump. 


THE ENGINE OIL LOW-PRESSURE 
WARNING SYSTEM. 


The engine oil low-pressure warning system notifies 
the pilot whenever the engine oil pressure drops below 
36 psi. The warning lights will go off when the oil 
pressure raises back to 40 psi. The pressure switch, 
which detects the oil pressure, is mounted on the 
left side of the engine just aft of the oil tank. 


You will note in figure 4-23 that the oil low-pressure 
warning system is almost identical to the fuel pump 
low-pressure warning system. As you might well imag- 
ine, this warning system operates in the same manner. 


Whenever the oil pressure drops below the 36 psi level, 
current from the 28-хоіс d-c essential bus will flow 
through the 5-amp push-pull type circuit breaker, pass 
through the pressure switch, and then illuminate the 
warning lights in the cockpic. When the oil pressure 
increases to 40 psi, the reverse situation takes place. 
The pressure switch is forced open by the oil pressure, 
and this breaks the warning light circuit. When this 
occurs, the warning lights go ош. 


If the oil low-pressure warning system should mal- 
function, you will find it best to follow the same 
procedure given for trouble shooting the fue! pump 
low-pressure circuit. After checking the warning light 
bulbs and the circuit breaker, replace the pressure 
switch. The last thing to do is trouble shoot the 
entire circuit with a continuity light ог voltmeter. 
If the malfunction still persists, however, you will 
have to remove and replace the engine oil pump with 
a serviceable unit. 
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THE ENGINE INTAKE ANTI-ICE 
WARNING SYSTEM. 


The engine intake anti-ice warning system notifies the 
pilot whenever the engine anti-ice system malfunc- 
tions. Icing is a very serious matter on any part of 
the airplane, especially in che engine air intake area. 
Therefore, it is imperative that the engine intake anti- 
ice warning system operates properly. 


'The Е-102А uses hot air taken from the engine com- 
pressor section to heat the inlet duct guide vanes and 
the accessory fairing area. The anti-icing air flow is 
controlled by electrically-actuated valves and regu- 
lators installed in each of the lines. The valves operate 
in conjunction with the anti-icing control system. 
When the valves are open, heated air flows into the 
engine inler guide vane manifold. The heated air 
then passes inward through the double-walled ac- 
cessory fairing and vents out the cap of the fairing. 


How Тһе Апіі-Ісе Control System Operates. 


Before you can understand the operation of the en- 
gine intake anti-ice warning system, you must know 
how the anti-ice system operates when it is function- 
ing normally. Therefore, we will analyze the circuits 
shown in figure 4-24 and follow the operation of the 
control system. This schematic shows the system as it 
would be during flight under "no-ice" condirions. 


First, locate the ice detector assembly and the interpre- 
ter assembly. These two assemblies are the heart of the 
engine anti-ice control system. The detector assembly 
detects the presence of ice in the engine intake duct 
and then signals the interpreter assembly. The Іптег- 
preter assembly energizes the anti-ice control relay 
which in turn actuates the anti-ice system. 


The anti-ice system is controlled electrically by a 
three-position switch in the cockpit. This is shown in 
the lower part of figure 4-24, Note the three positions 
—AUTO, MAN, and OFF. First, let's see how the sys- 
tem works when the апїї-їсе switch is in AUTO. 
Note the 10-amp anti-ice power circuit breaker. АП 
power for the detector and interpreter comes from the 
28-volt d-c essential bus through the 10-amp anti-ice 
power circuit breaker. The current flows from the сіг- 
cuit breaker, through the ignition power relay, and 
then to the connection А1 on the interpreter assembly. 
Тһе ignition power relay is energized only when the 
engine is being started. Consequently, the connection 
at Al is always connected directly to power (across 
2 and 3 as shown in the schematic) except during 
engine starting. 


Following current flow Al, note thar it travels through 
the switch in the ice detector assembly. Since a "no-ice" 
condition exists, the current flows back to Аб in the 
interpreter assembly. Note that relay R1 is connected 
to Аб and also to ground. Therefore, relay КІ is en- 
ergized when the detector switch is in the "no-ice" 
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Figure 4-23. Engine Oil Low-Pressure Warning System Schematic. 


position, Relays R3 and R4 are connected to B3 and 
contact C on the detector switch. These relays are de- 
energized in the "no-ice" condition as shown in the 
Schematic. Since R2 is energized only when R4 is ener- 
gized, R2 is also deenergized in the "no-ice" condition. 


From the preceding discussion, you should have a gen- 
eral idea how the circuit functions when there is no 
ice in the detector tube. 


Now, let's see what happens when the detector probe 
ices up. When the ice condition occurs, the detector 
switch closes. The operation of this switch is de- 
Scribed later. Remember that А6 is connected to А1 
through the switch in the R1 relay; therefore, B3 now 
has current since it is connected to A6 through C, B, 
and B2. Relays R3 and К4 now energize. This se- 
quence results in the probe heater being connected to 


power through Al, the R3 relay switch and Bí. The 
R2 relay and the heater at relay КІ are energized 
through КА. The R2 relay closes its switch to furnish 
a ground to the anti-ice control relay which then 
receives current from the 28-volt 4-с bus through the 
5-amp anti-ice control circuit breaker. The апсі-ісе 
control relay then closes to energize the anti-ice system. 


The anti-ice system receives its power through the 
5-amp anti-ice control circuit breaker. Ás the probe 
heater heats up, it melts the ice in the probe and the 
detector switch returns to the "no-ice" position. Relays 
R2, R3, and R4 deenergize, and the probe heater and 
the КІ relay heater are disconnected from power. 
Although the mechanical time delay at relay R2 is 
deenergized, іс does not open at this time. This relay 
contains a clock mechanism that keeps the switch 
closed until 60 seconds after che relay has deenergized. 
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Figure 4-24. Engine Intake Anti-Icing Warning System Schematic 
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This delay feature insures chat the anti-ice system will 
stay on long enough to do some good even though the 
detector switch returns to the "no-ice" position after 
just a few seconds. 


How The Anti-Ice Warning System Operates. 


Normally, che probe heater will melt the ice at the 
probe and return the probe switch to the "no-ice" posi- 
tion within 17 to 20 seconds. If it does пог, it indi- 
cates that the detector is malfunctioning. То deen- 
ergize the relays during a malfunction and to keep 
the probe heater from overheating the probe, are the 
functions of the thermoswitch at relay К1. About 17 
to 20 seconds after the detector switch moves to the 
ice position (across В and С) the К1 relay heater will 
cause the thermoswitch to heat up enough to break 
the circuit to R1 relay. The R1 relay switch will then 
open and Аб (also В) will no longer be connected to 
power. Since B3 is connected to B2 across the detector 
switch (at B and C) the R2, R3, and R4 relays will de- 
energize and the probe heater and the ВІ relay heater 
will be disconnected. Sixty seconds later, the switch 
at the R2 relay will open the circuit to ground across 
2 and 3; the anti-ice control relay will deenergize; and 
the anti-ice system will shut down. 


Malfunction of the detector destroys the effectiveness 
of the automatic control system and the ani-ice sys- 
tem will not operate. If the pilot is informed of the 
malfunction, he can move the ANTI-ICE switch со 
MAN, thus grounding the anti-ice control relay. The 
anti-ice system will then operate until he moves the 
switch to OFF. Informing the pilot is the job of the 
anti-ice warning system. The warning lights on the 
right-hand auxiliary instrument panel illuminate and 
warn the pilot of the malfunction. These warning 
lights come on when the master warning box is en- 
ergized. You can see in the schematic (figure 4-24) 
that the warning box is connected to contact 3 on the 
ice detector indicator relay. When the relay is en- 
ergized, contact 3 will not be connected to power. 
Notice chat the relay is connected to point Аб on the 
interpreter assembly through the anti-ice switch when 


it is at AUTO. 


Now as we noted earlier, А1 is normally powered and 
A6 is normally connected to A1 (power); therefore, 
the detector indicator relay is normally energized ex- 
cept when the engine is being started and the ignition 
power relay is energized. The warning light will be 
on during a malfunction of the detector or interpreter 
assembly or when the anti-ice switch is at OFF. As you 
will learn below, the warning light will also be от 
when the switch is at AUTO ¿f the air stream velocity 
in the engine intake duct is less than about 40 knots. 


ісе Detector Assembly. 


The ice detector assembly is mounted in the upper 
part of the engine air intake duct. The assembly con- 
sists of a probe and a main housing or case, with a 
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pressure diaphragm inside the case, The chamber on 
one side of the diaphragm is connected to openings 
on the upstream side of the probe, while the cham- 
ber on the other side senses pressure from openings 
on the downstream side of the probe. When the air- 
plane is moving, the upstream pressure will exceed 
downstream pressure. The diaphragm controls the ice 
detector switch. When the airstream is moving at less 
than 40 knots, the pressure differential across the dia- 
phragm is not enough to move the switch to the "по- 
ice" position. If the ANTLICE switch is in AUTO 
at this time, the ANTI-ICE warning lights will illumi- 
nate. This does not necessarily indicate a malfunction. 
The warning lights should go out as soon as the air- 
stream exceeds 40 knots. 


When the airstream exceeds 40 knots, the pressure will 
force the switch to the "no-ice" position. However, if 
ice blocks the probe intakes, the pressure difference 
across the diaphragm will drop and the switch should 
move to the "no-ice" position. If the probe intakes 
should become clogged and wil! not open after 17 to 
20 seconds, the interpreter will turn off the probe 
heater and the detector will be inoperative until the 
probe openings are no longer blocked. The heater in 
the detector case keeps the case warm to prevent con- 
densation of moisture. The thermoswitch in the heater 
line interrupts che current to the heater when the tem- 
perature reaches a certain point. This heater will ob- 
viously cycle off and on continuously. 


The detector assembly is a rather sensitive item, and іс 
is better not to attempt maintenance on it without 
complete information. If the probe becomes clogged 
or otherwise becomes defective, replace the assembly 
with a new unit. If you must repair it, be sure to con- 
sult the technical order covering this component. 


Maintenance Of The Engine Intake 
Anti-Ice Warning System. 


From reading the preceding description of the engine 
anti-ice and anti-ice warning system, you should un- 
derstand that a thorough comprehension of how the 
warning system operates cannot be had without first 
understanding the electrical wiring diagram of the 
anti-ice system itself. The maintenance requirements 
for the warning system will be somewhat more diffi- 
cult than the requirements for the ocher engine warn- 
ing systems. When the pilot reports that the anti-ice 
warning system is malfunctioning, however, trouble- 
shoot the circuit with the same technique that you use 
on other circuits. Always start with the most logical 
trouble sources and end with the least likely. After 
assuring that the warniag light bulbs, circuit breakers, 
and switch are functioning satisfactorily, check the 
electrical circuit with a voltmeter. Keep the electrical 
power ON. This type of trouble shooting will isolate 
the component that is malfunctioning. Апу inopera- 
tive component must be replaced with a serviceable 
item. 
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SUMMARY. 


This Training Supplement has presented you with a 
general review of jet engine principles and described 
the 157 turbojet engine as it is installed in the F-102A. 
After reviewing the development of jet engines in 
Chapter 1, you acquired a general overall knowledge 
of the J57 engine and its associate systems. In Chapter 
П you learned how the fuel is metered to the engine 
and controlled in accordance with atmospheric and 
altitude conditions. Detailed descriptions and main- 
tenance suggestions were also given for the oil, igni- 
tion and starting, in-flight and ground cooling, and 
the engine anti-ice systems. Chapter ПІ described en- 
gine preservation and depreservation techniques and 
also covered the engine installation and removal oper- 
ations. The last chapter explained how the engine in- 
struments and warning systems function and outlined 
some of the common maintenance requirements. 


Two points have been mentioned several times in the 
four chapters in this supplement, but they are im- 
portant enough to be mentioned once more. These 
points concern the relation of F-102A Maintenance 
Technical Orders to this Training Supplement. In 
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some cases, the description of the engine and its as- 
sociate systems in this supplement contain specific 
values and pressures. These values and pressures are 
used for explanatory purposes only, and they should 
not be used on the flight line. The latest information 


of this nature can be found in the Maintenance Tech- 
nical Orders. 


In other instances, you have learned that all of the 
engines do not have the same type of components. 
Although specific engine model numbers have been 
given in some examples, this information has been 
omitted in others. This information, too, should always 
be obtained from the Technical Orders. 


Keep in mind that this Power Plant Installation Train- 
ing Supplement has not replaced the Technical Orders. 
It has only acquainted you with the J57 engine and 
outlined some of the maintenance needs. This knowl- 
edge has prepared you to use the Maintenance Tech- 
nical Orders more intelligently so that you will be a 


more valuable member of the F-102A ground support 
team. 
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The F-102A Training Supplements have been pre- 
pared by Convair, А Division of General Dynamics 
Corporation, to provide you, the system mechanic or 
maintenance technician, wich basic information con- 
cerning the F-102A airplane and its operating systems. 
There are ten of these supplements, each covering an 
airplane operating system or major component. The 
text is direct and informal and is supplemented with 
illustrations and diagrams to aid you in understanding 
how the systems operate. The following is a list of the 
Training Supplements on the F-102A airplane: 


Title 


Flight Control System 

Hydraulic System 

High-Pressure Pneumatic System 
Low-Pressure Pneumatic System 
Airplane General 

Airframe Fuel System 

Power Plant Installation 
Airframe Armament System 
Electrical System 

Instruments 


ene 


Each supplement describes an operating system ог 
major component, how and why it operates, and main- 
tenance problems that you may encounter. The entire 
major system is further simplified by describing each 
of its subsystems separately, Thus, when you under- 
stand how all of the subsystems operate, you will be 
familiar with che functions of the major system. This 
knowledge of the airplane systems will enable you 
to use other operational, service, and maintenance 
instructions. 


Since tbe purpose of these publications is to familiar- 
ize and acquaint you with the airplane systems and 
components, specific values, measurements, and toler- 
ances аге not given, Any values that appear in these 
supplements are approximate only and are used to 
emphasize more clearly a certain operation or condi- 
tion. You must refer to your 1F-102A-2-3 Technical 
Order and other pertinent handbooks for specific 
values when adjusting or checking a system and its 
components. These Technical Orders are revised peri- 
odically to include the latest maintenance procedures 
and dara on the equipment installed in the F-102A. 


The F-102A Maintenance Technical Orders consist of the following handbooks: 


Ground Handling, Servicing, and Airframe Group Maintenance 


Hydraulic and Pneumatic Power Systems 


Air Conditioning, Pressurization, and Anti-lcing Systems 


Radio-Communication and Navigation Systems 


T.O. 1F-102A-2-1 General Airplane 

T.O. 1F-102A-2-2 

Т.О. 1Е-102А-2-3 

Т.О. 1Е-102А-2-4 Power Plant 

T.O. 1F-102A-2-5 Fuel Supply System 
T.O. 1F-102A-2-6 

Т.О. 1Ғ-102А-2-7 Flight Control Systems 
Т.О. 1F-102A-2-8 Landing Gear 

Т.О. 1Е-102А-2-9 Instruments 

Т.О. 1F-102A-2-10 Electrical Systems 

T.O. 1F-102A-2-11 

Т.О. 1F-102A-2-12 Armament and Armament Electronics 
Т.О. 1F-102A-2-13 | Wiring Data (F-102A) 
T.O. 1F-102A-2-13A Wiring Data (TF-102A) 


The Air Force is vitally interested in seeing that its 
equipment functions properly and is maintained as 
efficiently as possible. The Air Force, like a manu- 
facturer of an automobile or commercial appliance, 
, provides printed instructions for use with its equip- 
| ment. The printed instructions you will use most fre- 
quenrly in maintaining the F-102A are the dash-2 


Technical Orders listed above. They are available for 
your reference at the Maintenance Office on your base. 
You must refer to them frequently so that you will 
always have the latest maintenance infromation. The 
Training Supplements will help you to use these 
Technical Orders by answering many of the "hows" 
and "whys" that may puzzle you from time to time. 
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Vutroductiou 


This supplement consists of three chapters which cover (һе F-102A 
High-Pressure Pneumatic System. Chapter 1 presents a general intro- 
duction to pneumatic principles, shows the advantages of using air- 
powered systems, and compares a basic pneumatic system with an aircraft 
system, such as the one in the F-L02A. In Chapter 2 you learn about the 
high-pressure pneumatic power supply in the F-102A and how the power 
supply components function. Chapter 3 concludes this supplement with a 


description of all the operating subsystems that use high-pressure air. 


HIGH-PRESSURE PNEUMATIC SYSTEM 


Chapter 1 


FUNDAMENTALS AND APPLICATIONS OF THE PNEUMATIC PRINCIPLES 


Contents Page 

Use of High-Pressure Pneumatics in the Е-102А............................ 1 

Pneumatic Principles 24 

` A Basic Pneumatic System... 8 
8 


Aircraft Pneumatic Systems............... 


Тһе basic concept of the Е-102А high-pressure pneu- 
matic system is to provide a suitable power system for 
the operation of the armament launching components 
of this airplane. This type of power system is also 
used advantageously for other equipment where fast 
action, reliability, light weight, and compactness are 
necessary requirements. To emphasize the importance 
of the selection of the high-pressure pneumatic system 
as a power source for operating the armament launch- 
ing components, you have only to examine the overall 
concept of the F-102A. 


Previously we had aircraft armament consisting of 
guns and bombs. The guns were aimed and fired by 
remote control. Bombs were contained in bomb bays, 
the doors of which had to be opened to drop the bomb 
load. These processes were performed remotely by 
electric motors and hydraulic actuating systems. 


Wich the development of aircraft reaching and ex- 
ceeding sonic speeds, these systems proved to be slow, 
cumbersome, and heavy. They were not satisfactory 
for sonic-type aircraft. Ас high speeds, the drag factor 
of an airplane becomes of tremendous importance. The 
airplane must maintain a "clean" configuration to 
assure high speeds and stable flight. In other words, 
the airplane must have as few disruptions of the air 
flow as possible. 


Although some armament systems on high-speed air- 
craft were designed to have hydraulic and electrical 
power to open and close the bomb bay doors and to 
extend and retract the armament launchers, the hy- 
draulic and electrical systems could not provide the 
instant action needed without adding great weight to 
the airplane. 


The solution to this problem has been the use of a 
high-pressure pneumatic system. In this Training Sup- 
plement, you will learn about the high-pressure pneu- 
matic system which powers the armament system on the 
F-102A interceptor. 


USE OF HIGH-PRESSURE 
PNEUMATICS IN THE F-102A. 


The high-pressure pneumatic system in the F-102A is 
a ground charged source of air pressure power that 
performs а number of functions. А clean, dry supply 
of compressed air is provided by a ground compressor 
unit through the airplane ground filler connection. 
Тһе compressed air from this ground charging unit is 
stored at a pressure of 3000 psi in air flasks located in 
the armament bays, and in the hollow portions of the 
main landing gear drag braces. 


Now let's see how fast this system operates when mak- 
ing a pass at an enemy target. This fast action of the 
F-102A is shown in figure 1-1. Count off three seconds 
—one, two, three—and, in about this amount of time, 
the high-pressure pneumatic system opens the arma- 
ment bay doors, flips out the armament for firing, 
retracts and locks the armament launchers after firing, 
and closes the armament bay doors. 


From the above description you will agree that if the 
high-pressure pneumatic system had only this duty to 
perform, іг would be reason enough for having it on 
the F-102A. However, in addition to accomplishing 
these duties the system provides air pressure for the 
rudder feel cylinder, extends the ram air turbine into 
its operating position for emergency hydraulic power, 
provides air pressure for emergency extension of the 
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Figure 1-3. The Atmosphere 


landing gear, deploys the drag chute on landing, and 
actuates the main wheel brakes. On later airplanes, 
this system also supplies air pressure to the canopy 
counterbalance, ejection, and cinchdown actuating 
cylinder, 


Figure 1-2 illustrates the F-102A high-pressure system. 
Note that this system is divided into a power section 
(the dark portions) and the operating systems (the 
lighter portions). The system 18 charged from a ground 
air compressor through the filler valve in the power 
section, and air pressure is stored in the four air flasks 
shown in the power section and in the main landing 
gear drag braces. The priority valve, between’ the 
priority air flask and the other three flasks, maintains 
an emergency supply of air pressure for those systems 
—the landing gear, wheel brakes, ram air turbine, and 
drag chute—which are connected in the illustration 
by the dark lines. The lines connected to the 1100 
and 1500 psi pressure regulators supply air pressure 
to the remaining systems—the armament system, сап- 
ору counterbalance cylinder, and the rudder feel cyl- 
inder. Chapter 2 of this supplement describes the power 
section in detail, and Chapter 3 covers the operating 
subsystems. 


The responsibilities of this system are many and its 
value as a power system is great. These duties may 
prompt you to think that this system is very compli- 
cated. However, after you study the functions and oper- 
ations of this system, you will discover that this im- 
pression is wrong. 


It is true that the high-pressure pneumatic system is a 
relatively new system in aircraft, although compressed 
air is one of the oldest and most widely used sources 
of power. Your study of this system сап be made 
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simpler by comparing its functional characteristics to 
the many familiar usages of compressed air. But, 
before we get into the high-pressure system, let's 
review some of the principles of pneumatics and the 
use of air as a source of power. 


PNEUMATIC PRINCIPLES. 


Pneumatics is defined as the controlled use of air as a 
source of energy. In pneumatic systems, air is com- 
pressed and is used as a power source. Isn’t this a sim- 
ple definition for a system performing so many varied 
and responsible tasks? However, to understand the 
functional operations of a high-pressure pneumatic 
system better you should know something about air 
and the characteristics of compressed air. 


The Atmosphere. 


Тһе atmosphere consists of a thick blanket of air sur- 
rounding the earth. Air is composed of tiny molecules 
of different gases—mostly nitrogen and oxygen. These 
molecules are very small. Actually, since the distance 
between the molecules is very great in comparison to 
their size, air is mostly empty space. These molecules 
‚аге continually in motion, colliding with each other 
and with surrounding objects. It is the combined force 
of all these collisions that gives the effect of atmospheric 
pressure. Obviously, the fewer molecules of air in a 
given space, the fewer collisions there will be. The 
fewer collisions there are, the lower the pressure. Air 
pressure at sea level is relatively great—the weight of 
the air above presses on the air below, forcing more 
molecules into a given space. This increase of molecules 
causes an increase in the number of collisions and 
therefore an increase іп pressure. At higher altitudes 
the molecules are farther apart; therefore the pressure 
is lower. 
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Figure 1-4. Atmospheric Pressure Measurement 


You have probably seen a mercury barometer—it is a 
device that measures atmospheric pressure. Аз you 
know, when a unit of air is raised higher above the 
earth, the column of air above becomes shorter. Study 
the example in figure 1-4. The cubic foot of air, shown 
at sea level, is compressed by the weight of the column 
of air extending above it to the upper limit of the 
atmosphere. This atmospheric pressure supports the 
column of mercury, shown in the tube, at a level 
where the weight of the column of mercury is equal 
to the weight of the column of air—this is 29.92 inches 
Hg at sea level. А change in atmospheric pressure 
causes a corresponding change in the height of the 
column of mercury (Hg). 


Effects of Compressing Air. 


We have said that air consists of tiny molecules of 
various gases—mostly nitrogen and oxygen. Actually, 
under normal atmospheric pressures and temperatures, 
air is primarily empty space with molecules speeding 
around in random directions. The distance between 
the molecules is great in comparison to their size. 
When pressure is increased, the molecules are pressed 
Closer together, but are still widely separated. Since 
these molecules are in continuous motion, they are 
constantly colliding. Тһе collision of one molecule 


HIGH-PRESSURE PNEUMATIC SYSTEM 


with another or with the sides of a container causes 
friction or heat. When air is compressed, the collision 
rate increases; therefore the temperature rises. The 
greater che compression, the higher che temperature. 


You can see this relationship in figure 1-5. Notice the 
piston before compression. The molecules are far apart 
and the temperature bulb and the pressure gage have 
low readings. When the piston compresses, the mole- 
cules move together and the temperature and the 
pressure readings increase. This relationship works in 
the reverse direction, too. If the pressure drops, the 
temperature will drop. This beat of compression may 
result in a very great temperature rise, the exact tem- 
perature being determined by many factors. For in- 
stance, if air is compressed to one-tenth of its original 
volume, the cemperature may increase from an original 
15°C (59°F) to 343*C (650°F). The heat of compression 
in che engine of the F-102A causes the temperature of 
this compressed air to rise as high as 427°С (800°F). 


Effects of Heating Air. 


The speed of the molecules of compressed air is 
directly related to the temperature of the air. The 
higher the temperature, the faster the molecules move 
and the greater the pressure. 


BEFORE COMPRESSION 


AFTER COMPRESSION 
(PRESSURE AND TEMPERATURE RISE) 


Figure 1-5. Effect of Pressure on Air 
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CLOSED CONTAINER. 


EXPANDABLE CONTAINER 


„МЕ EXPANDS. WHEN HEATED. 


PRESSURE INCREASES WHEN AIR 


Figure 1-6. Effects of Heating Air 


In figure 1-6 you can see that when free air is heated 
in an open, expandable container, the molecules will 
travel faster and the space between the molecules 
increases. In other words, the air will expand. Since 
there are fewer molecules within a definite space, 
there will be fewer collisions. The greater force of the 
collisions will balance the reduction in the number of 
collisions; therefore, the pressure will not change. 
However, if air is heated in a closed container the air 
cannot expand and the. greater force of each collision 
will result in an increase in pressure. This relationship 
is also reversible. If che temperature of air in a closed 
container drops, che pressure will drop. 


Compressed Air as a Source of Power. 

If a moving piston compresses air—as in the action of 
the piston illustrated in figure 1-5 or in the action of 
the ground compressor unit used to charge the F-102A 
high-pressure pneumatic system — the compression 
squeezes a given volume of molecules closer together. 
With the volume made smaller and the distance the 


molecules can travel made less, heat is generated by the 


increased molecular collisions with the surrounding 
surfaces. This action increases pressure within the pis- 
ton chamber. This air pressure is then transferred into 
a tank for storage. In the F-102A this air pressure is 
stored in air flasks where its controlled use operates 
system actuating devices. 
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You have learned that air pressure is increased by 
increasing temperature. We also know that the work 
required to compress air increases the internal energy 
of theair, as well as its temperature. Thus, the pressure 
of air is increased by reducing its volume and/or 
increasing its temperature. 


When charging the F-102A high-pressure pneumatic 
system air flasks, you should have an awareness of these 
relationships. Temperature increases as the pressure in 
the system is increased—the volume remaining the 
same: The air pressure stabilizes when the air and pneu- 
matic. system components cool to the ambient (existing 
outside) temperature. Therefore, it is necessary for the 
pressure in rhe system to stabilize. This allows the air, 
system tubing, and system air storage flasks to cool— 
and the presure will decrease accordingly. 


Common Uses of Compressed Air. 


You are probably familiar with the everyday applica- 
tions of the use of compressed air that are shown in 
figure 1-7. These units include the grease lift that 
raises. your automobile and the grease gun that lubri- 
cates it, the aircraft rivet gun and drill motor, the air 
hammer for street repairs, che inflation of automobile 
tires, and the paint spray gun. It would be hard to find. 
a reasonably modern industrial plant that dees not use 
a number of pneumatic units daily. Even on the farm, 
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Figure 1-7. Common Usages of Compressed Air 
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Figure 1-8. Compressed Air for Brake Operation 


compressed air is used for such simple jobs as silo 
filling, agricultural spraying, and milking machines. 
Another example of an efficient application of pneu- 
marics is the braking system of buses and trucks. Simi- 
larly, the wheel brakes оп the Е-102А are also operated 
by air to produce effective braking. The brake system 
of the F-102A is discussed in Chapter 3. 


There is also a steadily growing usage of compressed 
air combined with hydraulic control units. In this type 
of equipment, the compressed air is used as a power 
source and the hydraulic units are used to control the 
equipment. Heavy-duty trucks and equipment in fac- 
tories use such an arrangement, where air pressure and 
hydraulics are combined to create motive power. This 
dwell-retract, or governed action, type of equipment 
operates more economically and cycles more efficiently 
at high operating pressures than would be possible 
were air or hydraulic power sources used individually. 
Tn the F-102A you will find that the wheel brakes are 
hydraulically operated and pneumatically actuated. 


A BASIC PNEUMATIC SYSTEM. 


In the schematic of a basic pneumaric system (figure 
1-9), note that che motor-driven compressor draws air 
in through a filter, This filter cleans the air before it 


enters che compressor cylinder. From the compressor, 
air is routed to the storage tank for use in the system. 
This storage tank offers a constant and steady supply 
of air upon demand, and eliminates the pulsating pres- 
sure that would occur if air were used directly from 
the compressor. The pressure даре on the storage tank 
indicates the air pressure in the tank, and the pressure 
switch on the tank automatically cuts off power to the 
compressor when the tank pressure reaches a prede- 
termined level. 


The check valve at the tank outlet permits free flow 
of air from the tanks, bue prevents any reverse flow. 
The pressure régulator and relief valve downstream 
from the check valve regulates the pressure going to 
the actuator and relieves any excess pressure. In the 
system shown, the relief valve setting would probably 
be about the same as the setting of the pressure switch 
on the storage tank. 


Note that the air leaving the pressure regulator enters 
the selector valve where it is directed to one side or 
the other of the pneumatic actuator cylinder, or it is 
stopped completely. In. the system, this selector valve 
is shown. in the CLOSE position so that air pressure 
will retract the actuator cylinder and close the scissor- 
type flaps. In the right corner you can see the two 
other positions in which the valve сап be placed. By 
using these two alternate positions, check how air 
would flow, or be directed to the actuator. In each of 
the three positions, note how exaust is connected to 
the sides of the actuator. 


AIRCRAFT PNEUMATIC SYSTEMS. 


Two distinct pneumatic power sources are used on the 
F-102A: a high-pressure system that receives its pres- 
sure from ground-charged air flasks, and a low-pres- 
sure system that is supplied by the bleed air from the 
engine compressor. There is very little similarity be- 
tween the two systems. When you compare the power 
Sources, you see that these two systems are entirely 
independent of each other. 


In fact, the only reason for mentioning the low-pres- 
sure pneumatic system here is to emphasize the inde- 
pendence of the two systems; just because both are 
called pneumatic systems is no reason that you should 
expect them to be interdependent, In the high-pressure 
pneumatic system, mechanical work is performed, but 
air used by the low-pressure pneumatic system is ex- 
panded and temperature-conditioned for use in the 
utility systems, Its pressure is seldom greater than 16 
psi, but in the high-pressure system, the pressure used 
is as high as 3000 psi in che flasks and 1500 psi in the 
lines. The low-pressure pneumatic system is discussed 
in the Low-Pressure Pneumatic System Supplement of 
this training series. 
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Figure 1-9. Basic Pneumatic System 
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Figure 1-10. High Pressure Versus Low Pressure 
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Figure 1-11, Power Systems Compared 


WHY HIGH-PRESSURE PNEUMATIC 
SYSTEMS ARE USED. 


Тһе work that must Бе expended to actuate movable 
units on aircraft often exceeds the physical capabilities 
of the pilot, At che same time, the increase іп size and 
speed of aircraft during recent years has all but ruled 
out mechanical transmission systerñs. To provide power 
amplification and to eliminate mechanical links, many 
aircraft use a multitude of remotely controlled actuat- 
ing devices such as aircraft motors and actuators to 
perform this work. Until recently, all accessories were 
powered from either electrical or hydraulic power 
sources. It is obvious then that in providing these 
power sources, a strain or load is placed on the aircraft 
power plant in the form of more and larger engine 
accessories, additional engine power takeoff gear box 
pads, and the inevitable increase in airframe weight. 


We now see the necessity of aircraft actuating devices. 
We also see that by using the conventional power 
systems (electrical and hydraulic), a price has to be 
paid by the draining of power from the power plant. 
By the use of a self-supplied high-pressure pneumatic 
power system installation, the direct drain of power 
from the power plant is eliminated and the airframe 
weight is greatly reduced. Other features of this cype 
of system are fast action, reliability, and the compact- 
ness of installations. 


BASIC DIFFERENCES. 


Тһе most distinctive differences between high-pressure 
pneumatics as used in this airplane and those used by 
industry are «һе power supply sources and the working 
pressures. Most industrial equipment is operated by 
working pressures of 60 to 100 psi which are provided 
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by air compressors delivering air at pressures of 80 to 
125 psi. In the F-102A high-pressure pneumatic system, 
air flasks store the initial supply of air under a pres- 
sure of 3000 psi. The initial supply pressure is reduced 
and regulated to various working pressures as desired 
for the subsystem operating components. Most of the 
subsystems operate on pressures of 1100 and 1500 psi. 
Some compressed air is stored in accumulators located 
in the hollow portion of che main landing gear drag 
braces. All these units are charged from ground equip- 
ment before the flight. 


Naturally, there is а marked difference in the size, 
weight, and efficiency of the pneumatic units and 


components used for industrial purposes, compared to. 


those used in the F-102A high-pressure system. For 
industrial applications, the component weight and size 
is not an essential consideration. Industrial cylinders 
and valves, for example, are normally large and heavy, 
tolerances are wider, non-working surfaces are left 
with rough finishes, and the choice of materials is sel- 
dom critical. Through research and testing, the com- 
ponents used on the F-102A high-pressure pneumatic 
system have been made light and small, yet ample to 
provide all che power needed, and these components 
are only a fraction of the size and weight of their 
industrial counterparts. 


ADVANTAGES OVER ELECTRICAL 
AND HYDRAULIC SYSTEMS. 


You will recall that this high-pressure pneumatic sys- 
tem is used because it is fast-acting, reliable, light, and 
compact. To enable you to realize the importance of 
these factors better, figure 1-11 illustrates the out- 
standing features of the high-pressure pneumatic sys- 
tem compared to those of aircraft hydraulic and elec- 
trical systems. The chart is based on the weight of 
equipment required for each system to perform the 
same amount of work іп the same amount of time. 


In the bar on the right-hand side of the illustration, 
showing the amount of equipment required to per- 
form an operation in 2 and 6 seconds, note that the 
weight of the required equipment is exactly the same 
in both instances. In other words, it requires no heavier 
equipment in a pneumatic system to do a job in 2 
seconds than it would if the job were to be done in 6 
seconds. In both cases, the equipment required weighs 
about 20 pounds. 
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In the bar graph for the hydraulic system, an entirely 
different situation is shown. Note that it takes only 
about 34% pounds of hydraulic equipment to do the 
job in 6 seconds, but when the time element is reduced 
to 2 seconds, the weight of hydraulic equipment re- 
quired increases to almost 60 pounds. Note that the 
same situation holds true for the electrical system. To 
do the job in 6 seconds, 30 pounds of electrical equip- 
ment is needed, but to decrease the time element to 
2 seconds, about 30 additional pounds of electrical 
equipment is needed. 


This pneumatic system has several other weight-sav- 
ing and operating speed advantages that you must 
consider as you study this chart. Let's take examples 
of where the main weight factors of the hydraulic 
and electrical systems are located, and then compare 
these weight factors to those of the high-pressure 
pneumatic system for this airplane. Most of the weight 
of a hydraulic system is in the pressure and return 
tubing for the operating equipment, in the hydraulic 
fluid, and in the hydraulic pumps. Most of the weight 
of an electrical system (for the short periods of opera- 
tion го accomplish the work specified on the chart) 
is in the motors, electrical conductors, and other units 
that must be provided. For the high-pressure pneu- 
matic system, you have single line tubing to the actu- 
ating cylinders. No return lines are needed because 
the exhaust air can be dumped overboard. 


You may be questioning at this time, "Since this sys- 
tem has so many advantages over the hydraulic and 
electrical power sources, why isn't it used for other 
actuating equipment?" 


One of the main reasons that the high-pressure pneu- 
matic system is not used for many other system instal- 
lations is chat che power source for this system is lim- 
ited by the number and type of installations using the 
system. Remember, there is no return for the air pres- 
sure as a working force and the supply cannot be 
replenished in flight. Incidentally, two other features 
of this system not previously mentioned but of pri- 
mary importance for consideration are: There is no 
fire hazard involved for this system, and it is less vul- 
nerable (о enemy fire—since return tubing or bulky 
installations are not required. 
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Before we begin a detailed study of the high-pressure 
pneumatic system let’s take a “bird’s eye view” of its 
basic functions. These functions can best be described 
as belonging in three categories: There must be a 
power source; there must be a means of regulating or 
controlling the air pressure; and there must be actuat- 
ing equipment to perform the mechanical work of the 
various subsystems. 


Because of weight and space limitations, a self-con- 
tained air compressor is not used as a power source 
for this airplane. Instead, the pneumatic power source 
is provided by air pressure stored in air flasks. Com- 
pressed air is also stored in the hollow portion of the 
main landing gear drag braces. This drag brace air is 
reserved for the operation of the main wheel brakes. 
The air storage containers are charged with a ground 
compressor unit. 


A means of regulating and controlling the air pres- 
sure power source is provided to start, direct, reduce, 
and stop the air pressure in its path to perform the 
assigned work. This is accomplished in the F-102A by 
such pneumatic equipment as priority, selector, check, 


Shuttle, relief, and shutoff valves; in addition, pres- 
sure switches and pressure regulators are provided to 
assist in this task. Finally, actuating cylinders are 
provided for receiving the regulated air pressure and 
transforming the stored energy into the mechanical 
energy required for the operation of the various units. 


SAFETY PRECAUTIONS. 


In this chapter, we will discuss only the power supply 
system. However, before we begin the study of tbe 
power supply system—what іс is, how it is obtained 
and stored, and how it is delivered to perform the 
work of the various subsystems—you are reminded of 
certain safety precautions that must be observed when 
operating equipment or performing system mainte- 
nance. Mainly, you are reminded of a very simple fact 
— just respect the potent power and fast action of this 
system. Personal contact with escaping air at high 
pressure is extremely dangerous. Remember, too, a flick 
of the pneumatic controls means snap-action results. 
And finally, all pressure must be relieved from the 
system before removing or disconnecting any com- 
ponent. 
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Figure 2-1. High-Pressure Pneumatic Power Supply System Schematic (Sheet 1 of 2) 
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Pressure Pneumatic Power Supply System Schematic (Sheet 2 of 2) 


1. High- 


Figure 2 
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The pneumatic power source is provided by air pres- 
sure stored in air flask installations and in the hollow 
portion of the main landing gear drag braces. These 
air storage reservoirs are charged with clean, dry air 
with a ground compressor unit to a stabilized pressure 
of 3000 psi. The system air supply must always be 
clean and dry. Air contamination is the avowed enemy 
of any high-pressure pneumatic system. Should there 
be moisture in the air supply, condensation and for- 
mation of ice particles will develop at low tempera- 
tures. The ice particles сап cause severe damage, even 
system failure, by bombarding the equipment and 
tubing. Only a well maintained ground compressor 
unit can prevent such action in this system. А stand- 
pipe moisture trap installed in each air storage flask 
is a second precaution against moisture in the air sup- 
ply. Thus, іс is very important that you always check 
all moisture traps in both the ground compressor unit 
and the pneumatic power system so that moisture will 
not be introduced into the system. 


Not only must the air pressure supply for this system 
be dry, but it must also be clean to prevent faulty 
equipment operation. To clean the air of foreign par- 
ticles, filters are provided in boch the ground compres- 
sor unit and the pneumatic power system. And, just 
as you must often check the moisture drain traps to 
prevent faulty equipment operation, so should you 
often check all the filter elements for cleanliness. 


HIGH-PRESSURE PNEUMATIC 
POWER SYSTEM. 


In thé schematic illustration (figure 2-1), note the 
chief components of the high-pressure pneumatic sys- 
tem and the relationship of these units to each other. 
АП components of the power system, except the filler 
connection and pressure gage, are in the armament 
bays; the filler connection and system gage are on the 
forward bulkhead in the main wheel well. 


In the schematic in the lower right portion of the 
illustration, note that two of the four air flasks are 
alternate flasks as shown in the locational view. These 
alternate flasks are the rear flasks in each outboard 
armament bay and can be removed if not required on 
а flight. The two forward flasks in the outboard bays are 
permanent installations and must be in the airplane for 
fight. The permanent flask in the right armament 
bay is also a priority flask. It maintains a reserve 
supply of air pressure for emergency operations when 
the pressure in the three remaining flasks drops below 
the setting of the priority valve. 


HOW THE POWER SYSTEM OPERATES. 


The high-pressure pneumatic system is charged го 3000 
psi with clean, dry air through the ground filler con- 
nection shown on the schematic. The system gage, 
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adjacent to the filler connection, registers the air pres- 
sure іп the system. Whenever you charge the system, 
allow the pressure to stabilize before making the final 
check on the system pressure. This stabilization period 
allows the air to cool to the sutrounding air tempera- 
ture, Usually this results in a drop in system pressure. 
The system is then charged further to bring it up to 
its full charge of 3000 psi. 


Аз you can see in the schematic, air entering the system 
passes chrough a filter which further purifies the air. 
From the filter, the air is routed to the four storage 
flasks and to accumulators in each landing gear drag 
brace, The air pressure in the drag brace accumulators 
is used for the wheel brake system. On early airplanes 
each main gear has two drag brace accumulators while 
later model airplanes have only one drag brace accu- 
mulator on each main gear. The check valve at each 
main gear drag brace prevents air pressure from re- 
turning to the high-pressure system. However, this 
valve permits the flasks to further charge the drag 
brace accumulators, if the flask pressure is greater. 
Тһе wheel brake system and the drag brace accumu- 
lators will be discussed later. 


Note that a priority valve is placed between the two 
permanent flasks. When the pressure in the system 
falls to approximately 1200 psi, the priority valve 
closes and prevents pressure in the priority flask from 
balancing the pressure in the three remaining flasks. 
Тһе priority flask is reserved for the emergency opera- 
tion of the subsystems shown on the extreme right of 
the schematic. А pressure switch closes when this 
priority system pressure drop to about 1500 psi. 'The 
closing of the switch contacts completes a circuit which 
turns the pilot low-pressure warning light on (see 
figure 2-1). 


The three storage flasks—and the priority flask when 
pressure is about 1200 psi—supply pressurized air 
through the pressure regulators and check valves to 
the systems shown in the center of the illustration. 
Тһе regulators control the pressure going to the oper- 
ating subsystems. Selector and control valves direct the 
air pressure in the subsystems. You will notice a vari- 
able pressure regulator in the center of the schematic. 
This regulator valve uses ram air entering the “О” 
intake head on the fin leading edge to control the 
high-pressure air entering the rudder feel system. 


Only the operation of the high-pressure pneumatic 
power system (shown on the schematic in «һе darker 
lines) has been given here. You will find the operation 
of the subsystems that are listed on this schematic in 
the next chapter. 
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COMPONENTS OF THE POWER SYSTEM. 


So far, you have learned what the components in this 
supply system do, but not how they were constructed 
or how they do their job. So let's start at the beginning 
of the system—where it is charged—and learn some- 
thing about the operation of the supply system com- 
ропешв. 


Ground Filler Connection. 


А self.sealing double-check type ground filler con- 
nection is provided to charge rhe pneumatic power 
supply system. See figure 2-2. This unit is composed of 
two separate plug-threaded type parts. The fixed half, 
or receptacle for che pneumatic power system, is 
located on the forward bulkhead in the right main 
wheel well, as shown in details À and B. The other 
half of the connection is attached to the end of the 
ground air compressor unit service line. 


Ав shown in details A and B, each half of the coupling 
is provided with a dust cap. It is important both 
halves of this connection be capped when the ground 


' compressor unit is disconnected. Capping of the con- 


nections prevents dust, moisture, or other foreign ma- 
terial from entering the system as it is charged. By 
the above description you can see chat chis connection 
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provides a means of automatically sealing both the 
system air storage supply and the ground service line 
pressure when disconnected. However, there always 
remains a small amount of trapped air between the 
two halves of the connection. 


When disconnecting the service hose, loosen the hose 
Кпигі nut one turn to allow the trapped air pressure 
to escape. Also notice that connection clamps are рго- 
vided to prevent the ground filler connection from 
disconnecting during servicing. These clamps auto- 
matically lock and unlock when the ground service 
line knurl nut is turned for connecting or disconnect- 
ing. Another feature of this type coupling is that you 
can quickly and safely make the connection against 
3000 psi air pressure by using only normal finger 
torque. 


Now let's trace the flow of air pressure into the system 
when the ground air pressure hose is connected. First 
let's see how the air pressure is blocked when the 
coupling is disconnected. When connecting the ground 


` unit, a check in each half is forced away from its seat 


and against the force of the spring; this provides a 
passageway for the air between the service line and the 
airplane system filler lines. When disconnected, the 
spring in each half forces the check against the seal, 
and this seals off the air pressure for both the air- 
plane system filler line and for the ground unit serv- 
ice line. This air seal in each half of the coupling is 
completed before the coupling is completely discon- 
nected. 


Air Filter. 


Тһе air supply in the pneumatic system must be clean 
for proper system operation. À filter is installed in the 
system filler line between the filler connection and the 
air storage flasks, as shown in figure 2-1. А cutaway 
schematic of this air filter is shown in figure 2-3. It is 
a simple unit consisting of a two-piece O-ring seal case 
and monel wire wound filtering element. The spacing 
berween the monel windings is 0.003 inch so that it 
acts as a screen for air entering the bottom. This air 
passes through the monel screen from the outside to 
the center, and then out to the port at the top. 


This filter can Бе disassembled for cleaning. Since any 
foreign material will be trapped on the outside of the 
screen, you must use саге in cleaning this element and 
not blow high-pressure air into the element. High- 
pressure air will rupture the element. Also be sure to 
blow in it from the downstream port so that the dirt 
or foreign material will be easily dislodged—blowing 
in the filter from the upstream port will wedge the 
foreign particles more cightly in the filter. 


Air Storage Flasks. 


In figure 2-4, you can see the aic flasks as they are 
located in each of the two aft outboard armament 
bays. The two forward flasks must always be in the 
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aircraft for pneumatic system operations. Тһе two aft 
flasks are alternate installations and may or may not 
be installed on a flight depending on the type of 
mission. 


The priority (right forward) flask is directly connected 
to the manually operated valves which control the fol- 
lowing emergency systems (see figures 2-1 and 2-4): 
the ram air turbine extension, emergency landing gear 
extension, drag chute deployment, landing geat drag 
brace storage accumulators, and the main landing gear 
brake cylinder. When che pneumatic power supply 
System pressure drops to 1200 psi, the priority valve 
automatically isolates the remaining air pressure in the 
priority air flask and prevents it from entering the 
other three flasks. This pressure in the priority flask 
is then reserved to operate the above mentioned emer- 
gency subsystems. ТҺе priority valve and its operation 
are discussed later in this section. 


In figure 2-5, note the detailed installation of two of 
these air flasks and a cross-sectional view of a typical 
one. Note that the aft flask is the optional installation; 
and if it is removed, all that is necessary is to cap the 
connecting system lines. The flasks are installed by 
four straps with tension bolts, and the inlet-outlet line 
connects to the bleeder valve fitting. These flasks are 
of shatterproof construction with an outer surface, or 
pressure enclosure, composed of laminared-wound fibre 
glass which is impregnated wich a resin. An inner rub- 
ber liner contains and stabilizes the compressed air 
pressure supply. Each air flask weighs 16 pounds and 
has an air storage volume of 870 cubic inches, This 
flask is 40 per cent lighter than the conventional 
metal air flask capable of storing the same volume of 
air at the same pressure. 


Another important feature offered by this type of air 
flask is that it is noc affected structurally by a wide 
variation of temperatures—from —65*F (—53.9°С) to 
200°F (93370). This safety and reliability feature of 
the air flasks is required in providing high-pressure 
air storage for operating the emergency systems under 
all conditions. Suppose an emergency should arise in 
flight whereby, after armament firing, the armament 
bay doors would fail to close. Imagine the extreme low 
temperature imposed on the air flasks, since they are 
located in the rear armament bays. 


And then for an extreme opposite remperature con- 
dicion, you have only to recall that heat is generated 
when the air flasks are charged with high-pressure air. 
By these two examples, you can see the importance of 
the features offered by this type of air flask, for che 
material used in its manufacture has a very low index 
of expansion; thus it is not likely co crack. 


Note that an internal standpipe feeds air pressure to 
the system and also receives the flask air charge. іп 
this way, any moisture content is prevented from 
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entering the supply system by sertling around the base 
of the standpipe. Án air bleed valve is provided at 
the base of the standpipe to bleed air pressure from 
the system and to drain moisture condensation from 
the flasks. This feature is so simple that you are apt 
to overlook its importance. But again, remember that 
contamination in the air supply can cause severe dam- 
age to the pneumatic equipment. 


Power System Priority Valve. 


The power system priority valve is a poppet-type 
valve, located in the pneumatic pressure supply line 
between the priority flask and left forward air flask. 
See figure 2-6. When we discussed the air flask іпзгаї- 
lation you learned that when the system air pressure 
drops to 1200 psi, the supply in the priority flask is 
reserved or isolated for operation of the emergency 
subsystems. This action is accomplished by the priority 
valve which automatically closes and prevents the 
priority valve from balancing the pressure supply in 
the other flasks. The priority valve will also permit 
higher pressures in the other flasks co bleed into the 
priority supply until а 1200-рѕі level occurs in the 
other flasks. 


As you will note in the cutaway view of the illustra- 
tion, pressure from the priority flask or ground charg- 
ing valve enters at the rop of rhe priority valve, while 
balancing pressure from the remaining three flasks 
enters at the bottom. Air pressure in excess of 1200 psi 
enters the top of the valve and unseats the poppet by 
pushing it down against its lower seat. Air pressure in 
excess of 1200 psi then flows past the poppet (note its 
triangular shape in the detail) and unsears the piston 
assembly, thus allowing air ro flow into the other 
three flasks (which can now act as priority valves). 
Тһе poppet and piston remain unseated (open) as long 
as pressure is in excess of 1200 psi. 


When pressure in the system drops to 1200 psi due to 
the use of air by the operating subsystems, the piston 
assembly seats against che poppet and closes off pres- 
sure from the priority flask. The spring behind the 
piston assembly is preadjusted to close the piston at 
1200 psi. In addition to the priority flask pressure, the 
poppet spring also holds che poppet against the piston 
assembly. If pressure in the поп-ргіогісу flasks should 
exceed the priority flask pressure, the poppet will be 
unseated to allow a balancing of pressure between the 
other three flasks and the priority flask. This assures 
thar the emergency operating systems shall always 
have pressure as long as any remains in the power 
supply system. 


Never attempt an adjustment ог repair of chis unit 
while the valve is installed in the airplane. Should the 
valve perform improperly, replace it with a new or a 
serviceable unir. The pressure exerted by the piston 
spring is the only adjustment provided in this valve. 
This adjustment is preset by the factory or overhaul 
activity. 
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Figure 2-5. Typical Air Flasks 
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Figure 2-6. Power System Priority Valve 


Pressure Regulator and Relief Valves. 


"Аз you know, the emergency subsystems are connected 
directly to the priority air flask. This means that these 
subsystems are provided with an unregulated supply 
of air pressure ranging from a fully serviced system 
pressure of 3000 psi to the lowered pressure of what- 
ever the priority air flask pressure may provide. The 
remainder of the high-pressure pneumatic subsystems 
must be provided with a regulated flow of air pres- 
sure. 


Two pressure regulator and relief valves are installed 
in the high-pressure pneumatic system to provide the 
regulated air pressure supply. See figure 2-7. One 
regulator reduces the pressure to 1100 psi for use by 
the armament bay doors and the rudder feel subsys- 
tems; the other reduces che air pressure to 1500 psi 
for use by the armament displacement and the canopy 
ejection and cinch-down subsystems. These two regu- 
lators are identical in construction but have different 
preset pressure adjustments. Therefore, they come 
tagged with the information as to whar pressures 
they are adjusted со. 


This combination pressure regulator and relief valve 
is of the poppet-type construction, consisting of chree 
valves encased in two housings. Nore that the pilot 
regulator is located in the small housing mounted ex- 
ternally on the unit. The main housing contains a 
slave regulator valve in the Jower section and a relief 
valve in the upper section. 


The pilot regulacor section consists of a housing, a 
spring-loaded regulator valve piston with a flow head, 
and a cap end with an adjusting screw. Incidentally, 
here again you must пог make any adjustments since 
it is preset on the bench and cannot be adjusted on the 
line. The function of the pilot regulator is to regulate 
the air pressure to the slave regulator. 


HOW THE PILOT VALVE FUNCTIONS. In follow- 
ing the operation of the pilot regulator on the cut- 
away illustration, note chat air from the air storage 
flasks enters the main housing and flows around the 
regulator valve piston and into the pilot regulator 
chamber between the sleeve and the outer wall. The 
flow head, attached to the bottom of the piston, seats 
on a ring at the bottom of the pilot regulator valve 
spring. When the pressure builds up on the piston in 
the inlet passage, it overcomes the piston spring ten- 
sion and pushes the piston up to close the flow head 
port. The flow head port will remain open and in an 
intermediate position that regulates the air pressure to 
the slave regulator according to the flow demand of 
the actuating subsystem. 


HOW THE REGULATOR VALVE OPERATES. Note 
that the slave regulator is located in the lower main 
housing. It consists of a hollow cylindrical slave piston 
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that slides in an upper and lower sleeve and an air 
valve seat attached to the piston. The piston is retained 
in the lower sleeve by a snap ring and on the top by 
the air valve seat. The function of the slave piston is 
to regulate the air pressure to the air outlet port 
regardless of the volume required by the system. 


When there are no subsystem flow requirements and 
the valve outlet pressure is approximately at specified 
subsystem pressure, the slave piston will be stabilized, 
causing the air valve to be seated on the face of the 
upper sleeve. When a demand for air flow is made by 
the actuating subsystem, a pressure drop occurs at the 
valve outlet chamber. Immediately, the inlet pressure 
acting inside the slave regulator piston raises the piston 
to open the air valve so that inlet pressure can flow 
past the air valve seat to provide the air pressure 
demanded by the subsystem. At the same time, the 
pilot regulator reacts to che pressure drop in the slave 
outlet passage, and the flow head port opens со con- 
tinue the required air pressure. 


RELIEF VALVE OPERATION. The upper main hous- 
ing of the assembly contains the relief valve. This 
valve is incorporated in the assembly as a safety pre- 
caution should the regulator malfunction and tend to 
overpressurize units in the subsystems. The relief 
valve consists basically of a spring-loaded relief valve 
and seat, a spring-loaded pilot valve, and two vent 
ports. The relief valve is retained in the regulator 
valve housing by its seat at che lower end and by the 
return spring and boss at the bottom of the head 
which you see threaded into the valve. 


'The pilot valve is retained within the relief valve 
piston by the boss and inserted orifice fitting in che 
regulator valve head or seat. The pilot valve and its 
stem are hollow and slide in a sleeve at the top of the 
relief valve. The sleeve has a drilled orifice which 
connects to the chamber formed by the inside wall of 
the housing cap and the upper head end of the relief 
valve. The sleeve retains the pilot valve spring in the 
relief valve and is adjusted on the test bench to control 
the pilot valve spring tension; thus you won't make 
any adjustment on it. 


The relief valve functions when the air pressure in the 
regulator valve outlet port chamber exceeds che preser 
tension of the pilot valve spring and forces the pilot 
valve open. This excess air pressure unseats the pilot 
valve and flows through the center of the pilot valve 
stem, through the drilled orifice in the spacer and 
inco the chamber between the head end of the relief 
valve and the housing cap. 


This air pressure, acting on the relief valve head, 
overcomes the return spring tension and forces the 
relief valve to open, thus venting the excess pressure 
in the regulator outlet chamber to atmosphere. The 
pressure also flows through a restricted orifice shown 
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Figure 2-8. Pressure-Low Warning Switch 


on the left side of the relief valve head and into the 
return spring chamber. When the pressure in the 
outlet port chamber is lowered to the designated pres- 
sure of the subsystem, the pilot valve spring closes che 
pilot valve, and the relief valve return spring closes 
the relief valve to maintain the subsystem designated 
pressure. 


As we have discussed and followed the functions of the 
pressure regulator and relief valve on the illustration, 
you can readily see that this unit is the heart of its 
operating subsystems. It is, therefore, very important 
to see that a “heart attack" does not develop—air con- 
tamination by moisture or dust can cause this fatal 
heart attack. You are again reminded not to attempt 
an adjustment or repair on this unit; this must be 
accomplished on a test bench. Should you have troubie 
with the unit, replace it. 


PNEUMATIC PRESSURE-LOW 
WARNING SYSTEM. 


You have learned in this description of the pneumatic 
supply that it is ground-charged to 3000 psi before 
flight. Once this system pressure is depleted in flight, 
there is no way to replenish it. For this reason, a 
warning system is provided to caution the pilot if and 
when the pressure in the supply system becomes dan- 
gerously low. This warning system terminates at the 


warning indicator panel on the right side of the cock- 
pit instrument panel. Its light is placarded PNEU 
PRESS; it is the sixth light down on the panel. 


In addition to the warning light, the pneumatic pres- 
sure-low warning system consists of a pressure switch, 
figure 2-8, and the connecting circuitry. In the sche- 
matic illustration, figure 2-9, note how this switch is 
connected into the warning circuit. 


Тһе pneumatic pressure-low warning light illuminates 
when the system pressure becomes insufficient for a 
combat cycle. А combat cycle consists of opening the 
armament bay doors, extending and retracting the 
armament launchers, and closing the doors. This cycle 
requires a minimum pressure of about 1500 psi. Below 
that point, the pressure switch closes and permits cur- 
rent to flow from the power source at the circuit 
breaker through che master warning box to the warn- 
ing lights where it is grounded. 


Тһе pressure switch in this warning system will open 
when the system pressure again builds up to approxi- 
mately 1700 psi. Therefore, the warning light will 
remain on—while power is available at the 28-volt dc 
essential bus—until the air flasks are refilled. ТЕ the 
pilot reports that the light goes on and off in flight, 
you should suspect malfunctioning of the pressure 
switch or the line leading to it. 
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Figure 2-9. Pressure-Low Warning System Schematic 


SERVICING AND TESTING 
THE PNEUMATIC SYSTEM. 


Ав shown in figure 2-10, «һе high-pressure pneumatic 
system is charged from a ground air compressor unit 
through a ground filler connection. On earlier air- 
planes, the ground filler connection is located in the 
right main wheel well, and оп later airplanes in the 
left main wheel well. The system is initially charged 
to a pressure of 3200 psi. The ground compressor unit 
is then turned off for some time to let the pneumatic 
system stabilize. About 30 minutes is required for the 
temperature of the compressed air in the system to 
cool and stabilize. The system is again charged if 
necessary to bring the stabilized pressure up to 3000 
(+50) psi. 


When a stabilized pressure of 3000 psi is obtained, the 
system is ready for flight, or if you are testing the 
system for leaks you are now ready to start the leak 
test. However, before we see how the leak tests are 
made, let's саке a look at the ground air compressor 
unit. 


GROUND AIR COMPRESSOR UNIT. 


By now you should know some of the important de- 
mands of the ground air compressor unit. For instance, 
you should know «һас the compressor operation must 
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be unaffected by extreme climatic conditions and that 
the unit тим be capable of charging the high-pres- 
sure pneumatic system with a supply of clean, dry air 
at а pressure of 3000 psi. Unless chis supply is both 
clean and dry, serious system equipment troubles will 
result. 


The ground air compressor unit, shown connected to 
the airplane on figure 2-10, is designed for continuous 
duty operation under normal temperature and rela- 
tive humidity conditions. It is а four-stage machine 
having a rated capacity of 15 cubic feet per minute 
(cfm) at 3500 psig (absolute pressure). À heavy-duty, 
four-cycle, air-cooled engine drives this compressor 
through а V-belt. The entire assembly is mounted оп а 
four-wheel trailer, which із equipped with hand oper- 
ated brakes on the rear wheels to hold the equipment 
steady during operation. 


The temperature of the high-pressure air is reduced 
after it leaves the fourth stage of the ground com- 
pressor by passing the compressed air through an 
aftercooler and into a receiver. This compressed air is 
then piped from the receiver through two dehydra- 
tors which insure dry air for the airplane high-pres- 
sure pneumatic system. "These dehydrators are called 
dessicant cbambers, and are shown in the detail of the 
compressor control panel. 
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High-pressure air to the service line is controlled by 
a priority valve. This valve will not permit air to flow 
into the service line until pressure has built up to 2400 
psi. When the pressure in the system reaches 3500 psi, 
the compressor controls will automatically maintain 
tliis pressure by loading and unloading. 


Complete instructions on starting, operating, and shut- 
ting down the ground air compressor are contained 
in the F-102A Maintenance Manual (Т.О. 1Е-102А-2-2). 


Refer to this manual before operating the compressor. 
Even though there are several safeguards incorporated 
in the ground compressor unit which prevent air sup- 
ply contamination, there are also several precautionary 
measures that you should take personally to prevent 
contamination of the air supply. You should keep the 
components of this unit as clean as possible, and 
should select an operating site as nearly dust-free as 
possible. Both the engine and compressor air cleaners 
must be cleaned daily—more frequently under severe 
dust conditions. 


АП moisture must be drained from the drain traps 
provided at the various components of this unit, but 
only when the compressor air pressure is unloaded. 
You must also follow very carefully the instructions 
given on the dehydrator instruction plate. Of course, 
remember at all times the dangers of performing main- 
tenance on high-pressure pneumatic system equipment. 


Charging the System with Air. 


The four air storage flasks in the high-pressure pneu- 
matic system are charged through a ground filler con- 
nection in the main wheel well. The filler and the 
systém pressure gage are shown in figure 2-10. 


'To charge the system, remove the dust cap from the 
filler connection and attach the service hose from the 
air compressor to the filler valve. Be very careful that 
the connection is well locked; then start the compres- 
sor and charge the system to 3200 psi as indicated on 
the system gage. This pressure will normally drop to 
3000 psi as the system cools after the charging oper- 
ation. 


NOTE 


Only at initial filling must you wait at least 
30 minutes for system pressure to stabilize. 
Recharge the system, as required, if system 
pressure drops below 3000 psi. 


When the high-pressure pneumatic system has a sta- 
bilized pressure of 3000 psi, shut down the air com- 
pressor and loosen the air service hose at the filler 
connection approximately one turn. This will relieve 
service hose pressure. Тћеп remove the service hose 
and replace the filler valve dust cap. 
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Relieving System Air Pressure. 


Whenever you must remove any component in the 
high-pressure pneumatic system from the various sub- 
system control valves upstream to the storage air flasks, 
you must relieve the system of all air pressure. There 
are no shutoff valves at the air ЙаѕКѕ. If you remove 
any components downstream from the subsystem check 
valves, it is also wise to relieve system pressure. If 
someone should inadvertently open a control valve in 
a disconnected subsystem, a blast of escaping air could 
cause bodily injury. 

То relieve pressure in the entire system (all four air 
flasks, but not the wheel brake air reservoirs in the 
landing gear drag braces), open the bleed valve on 
the bottom of the forward flask in the right hand aft 
armament bay approximately 2 turns. This is the 
priority flask and bleeds all four flasks. 


WARNING 


Escaping high-pressure air is extremely dan- 
gerous. Do not allow it to strike your face or 
eyes, and do not hold your hands tightly over 
escaping air. 


If at some time you wish to retain air pressure in the 
priority flask, but wish to relieve pressure in the other 
three flasks (this will be on rare occasions only), open 
the bleed valve on any flask other than the priority 
flask. This will relieve pressure in all three flasks and 
drop the priority flask pressure to about 1200 psi. The 
gage on the forward bulkhead in che main wheel well 
will indicate the system pressure at any time. 


А check valve in each main landing gear drag brace 
accumulator prevents depletion of wheel brake air 
pressure when the pneumatic system pressure is re- 
lieved. We will cover the relieving of wheel brake 
pressure in the drag brace accumulators in the next 
chapter. 


TESTING PNEUMATIC SYSTEM FOR LEAKS. 


Since the power supply section of the pneumatic sys- 
tem is comparatively simple and contains only a few 
operating components, the most trouble you can have 
with chis system will result either from contamination 
by dirt or from leaks somewhere in this portion of 
the system. Cleaning the items which may become re- 
stricted is not much of a problem. You will replace 
most of these units with serviceable components, or in 
some cases clean those items which line maintenance 
is permitted to disassemble. Leaks, however, are not 
always so easy to find. 


То leak-test the system, first charge the system /0 а 
Stabilized 3000 psi. Then allow the system pressure to 
stand for about one hour and recheck the system pres- 
sure, The leakage rate in this time should not exceed 
100 psi. If the leakage rate exceeds this figure, then 
you must start looking for the source of trouble. 


Air leaks may be located in two ways—either by sound 
or by soap testing connections. Should there be a fast 
leak in the system you will be able to hear the escaping 
air. Slow leaks, however, must be located by brushing 
а mild soap solution over the suspected faulty line 
fittings and equipment connections. Should you locate 
any air leaks, repair or replace the faulty fittings or the 
equipment; then recest the system until ic is within 
the allowable leakage rate. At this time you are again 
cautioned that personal contact with escaping high- 
pressure air is extremely dangerous. Should repairs or 
replacements of pneumatic tubing or equipment be 
made, you must first relieve the system of all of its air 
pressure. You must also remember not to overtorque 
the fittings when repairing leaks. 


The priority valve may also be tested during this pro- 
cedure by opening any one of the air flask bleed 
valves—orher than the one on the priority flask— 
approximately two turns and allowing all pressure to 
be relieved. This action bleeds all Биг the 1200 psi air 
pressure in the priority flask. The system pressure can 
be noted on the system pressure gage in the main 
wheel well. Should the pressure gage reading not be 
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within a reasonable tolerance (about =50 psi), chen 
the valve is faulty and should be replaced. 


After completing the leak test, wash all che soap solu- 
tion from the lines and fittings char were tested, with 
clear water or a dampened cloth, and dry with a rag. 
Тһе system may then be charged to perform the vari- 
ous subsystems tests and checks. These tests and checks 
for the subsystems are described in the nexe chapter. 


A NOTE ABOUT MAINTENANCE. 


You have been reminded several times of the troubles 
air contamination can cause in the pneumatic system. 
These troubles are chiefly connected with improper air 
pressures, restricted valve orifices, and the sticking or 
binding of system components. Since you cannot over- 
haul these units on the flight line, you will have to 
isolate the faulty units and replace them. But, as in 
caring for your own health, che best medicine for the 
troubles is to remove the causes, То remove the causes 
of malfunctioning pneumatic equipment, you must 
properly maintain the ground compressor unit, its air 
filter and dehydrators. You must also check the air- 
plane pneumatic system air flask drain traps and the 
system air filter for moisture or dust collection. The 
ground compressor dehydrators and the airplane air 
flask standpipes are provided to trap moisture in the 
air supply. The air filters in both the compressor and 
the airplane system are provided to trap dust and 
foreign material. Preventive maintenance is che best 
and easiest maintenance. 
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In Chapter I you learned that the basic concept of the 
high-pressure pneumatic system for this airplane is to 
provide an efficient power system for the operation of 
the armament launching system. Because of the promi- 
nent role of che armament pneumatic subsystems, іс is 
only logical that most of our study in this chapter 
is devoted to the explanation of how this cask is accom- 
plished, 


In figure 3-1, you can see that several other subsystems 
besides the armament system utilize the advantages 
offered by the high-pressure pneumatic system. Note 
also that the subsystems are divided into three cate- 
gories, the 1100 and the 1500 psi regulated pressure 
subsystems which obtain air pressure supply through 
their respective pressure regulator and relief valves, 
and the unregulated pressure, direct line connected, 
emergency type subsystems. 


You are reminded again of certain important facts to 
consider as you study or perform maintenance on this 
high-pressure pneumatic system and its equipment. 
First, keep in mind that your primary concern is to 
locate and replace faulty system components—not to 
repair the units. The reason for this is «һас most high- 
pressure pneumatic system component repairs require 
specialized equipment, facilities, and training which 
are not included in the category of organizational 
maintenance. And before you can underscand the oper- 
ation of the system, you must know how the individual 
components operate. Thus, in this supplement you will 


learn of che system and component functional charac- 
teristics, but the repair details will be omitted; those 
are described in the applicable technical order. 


You are also again reminded of a very important safety 
factor that must be adhered to—respect the potent 
power and fast action of this system. Personal con- 
tact with escaping air at high pressure is extremely. 
dangerous. Remember, too, a flick of the pneumatic 
controls means snap-action results. 


ARMAMENT LAUNCHING SUBSYSTEMS. 


Let's briefly examine the importance of the high- 
pressure pneumatic system in operating the armament 
launching equipment. At the beginning of this supple- 
ment you learned that the high-pressure pneumatic 5у5- 
tem provides the power source that opens the armament 
bay doors, extends the armament launchers, retracts 
and locks the armament launchers, and closes the arma- 
ment doors. АП of these actions are performed in about 
three seconds! But let's be a little more specific about 
these actions. 


NOTE 


The electrical control of the armament bay 
doors and the launchers is classified data. 
Information on the control circuits should be 
obtained from che Armament System Train- 
ing Supplement or the applicable Technical 
Order Maintenance Manuals. 
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Figure 3-2. Door Ground Safety Locks 


By referring to the schematic (figure 3-1) you can 
follow the operation of the armament bay doors and 
the launchers. The armament bay door selector valve 
receives an electrical signal from the fire control system 
to open the doors. Air pressure, routed by the arma- 
ment door selector valve to the down ports of the 18 
door actuating cylinders, opens the doors. 


. The limit switches on the armament bay doors actuate 
when the doors reach the fully open position and send 
an electrical signal to energize the armament selector 
valve. This valve then routes air pressure to the respec- 
tive launcher unlatching cylinders and the launcher 
actuating cylinders. A small volume of air first operates 
the unlatching cylinders before the launcher actuating 
cylinders extend. The unlatching cylinders unlock the 
launcher mechanical uplock latches, Air pressure 
directed to the respective actuating cylinders then 
lowers and snubs the launchers at their firing positions. 


After the armament is fired, an electrical signal is 
received by the armament selector valve causing it to 
route air pressure to the ир ports of the launcher 
actuating cylinders. The launcher assemblies then ге- 
tract and lock. When the assemblies are up and locked, 
their respective uplock switches actuate to send a signal 
to the armament door selector valve which routes air 
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pressure to the ир ports of the 18 armament bay door 
actuating cylinders. This action closes the armament 
bay doors. Mission accomplished. Operating time— 
about chree seconds! 


The armament pneumatic launching equipment per- 
forming the task just described is divided into two 
functional subsystems—one for the armament bay 
doors and one for the armament launcher assemblies. 


GROUND SAFETY LOCKS. 


When the airplane is on the ground, special. ground 
safety locks, shown in figure 3-2, hold the armament 
bay doors open. These locks must be installed any 
time the doors are opened for access to the armament 
bays. They prevent the accidental closing of the doors 
on personnel working in the armament bays. Note 
that two types of safety locks are used. A clamp-type 
lock (B) is installed on the piston rods of the out- 
board (flipper) door actuating cylinders, while a ге 
taining-type lock (A) holds the inboard door of each 
outboard. bay to its adjacent center bay door. Remem- 
ber—always check that the armament bay door safety 
locks are installed before entering the bay area. You 
can easily tell when the locks are installed by the long, 
red, REMOVE BEFORE FLIGHT streamers attached 
to chem. 
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Figure 3-3. Armament Bay Door Pneumatic System 
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ARMAMENT EAY DOOR PNEUMATIC SYSTEM. 


As you can see in figure 3-3, three bays are located in 
the lower midsection of the fuselage. They are desig- 
nated as the left, right, and center armament bays. 
Note, too, that each bay has a forward and an aft 
section. All armament bay doors are actuated by pneu- 
matically actuated cylinders which are supplied with 
air pressure from the high-pressure pneumatic system. 


As you see in figure 3-1, the door actuating cylinder 
air pressure is routed through a pressure regulator and 
relief valve. The regulator is designared as detail B 
in figure 3-3, and is located in the aft portion of the 
center armament bay. Іп Chapter 2 you learned thar 
both 1100 and 1500 psi regulated air pressures are 
provided by the two pressure regulator and relief 
valve assemblies in che pneumatic power system. The 
armament bay doors operate from the 1100 psi pres- 
sure regulator. 


Door Selector Valve. 


Note in the perspecrive and schematic illustrations of 
the armament bay door pneumatic system chat after 
air is routed through the 1100 psi pressure regulator 
and relief valve, che system line then directs the air 
pressure to the door selector valve. 


The door selector valve is a solenoid operated, double- 
cylinder, piston-type air valve. Figure 3-4 shows both 
a sectional perspective view and an operational sche- 
matic view of the valve. You can see that this valve 
directs air го either the open or close ports of che 
armament bay door actuating cylinders. This valve has 
one pressure extrance port, two pressure out ports, 
and a vent port. Note that the pressure line connects 
to the entrance port. The cwo pressure out ports are 
identified on the casing by letters A and В. You can 
also see that port A directs air to the close side of the 
door actuating cylinders, while port B directs air to 
the open side of che cylinders. The vent port of che 
selector valve exhausts air from the actuating cylinders. 


An electrical signal from either the fire control system, 
the manual trigger on «һе pilots control stick, or the 
ground operating switch on the nose wheel well 
switch panel, controls the solenoids of the door selec- 
tor valve. When a door close signal originates from 
one of these controls, solenoid А is energized and 
solenoid B is deenergized. This action causes air pres- 
sure entering the valve to flow past the ball-seac of 
solenoid А and со displace the роррег valve which is 
shown in the schematic derail. This air pressure pushes 
the poppet to the left and permits inler pressure to 
flow past the poppet valve ball sear and out port А 
to the cylinder close side. Solenoid A remains ener- 
gized until a door open signal is received, or until 
electrical power is removed from the airplane. 
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This door selector valve poses two types of problems— 
malfunctioning of the electrical solenoids, or the stick- 
ing of valves in the retract position. If you isolate the 
selector valve as the source of trouble, remove the valve 
and replace it with a serviceable unit. Do not replace 
the valve if you can correct the malfunction by tight- 
ening loose pneumatic system fittings or by repairing 
the electrical connections. You should, however, be 
very careful when tightening the loose fittings so as to 
prevent stripping of the threads by overtorquing. 


Door Actuating Cylinders. 


In figure 3-5, nore that 18 double-acting pneumatic 
cylinders open and close the six armament bay doors. 
Note also that three cylinders operate each of the 
doors. The right and left outboard flipper door асси- 
ating cylinders are smaller in size than the actuating 
cylinders on the four rocker carrying doors. 


The head ends of the cylinders attach to the airframe 
structure with a hinge-type mounting. The rod ends 
of rhe cylinders attach to the doors in the same man- 
ner. Such an arrangement permits a pivoting movement 
of the cylinders during the door-operating cycle. Ап- 
other feature shared by all door cylinders is an internal 
locking device that locks the piston in the door close 
position. À poppet valve arrangement within the cylin- 
ders (see detail A) unlocks these locking devices during 
the door opening cycle. 


You can also see, in figure 3-5, thar 12 cylinders орег- 
ate the main armament doors. À typical main arma- 
ment door cylinder is shown in detail B of this illus- 
tration. The 12 cylinders are similar in their operation, 
but vary in their stroke (length of piston travel) and 
their size. At corresponding positions on the right 
and left doors, these cylinders are identical in size and 
have the same stroke. Тһе cylinders at corresponding 
positions on each cenrer door are also identical in size 
and stroke. The various cylinder strokes and sizes 
таКе up for the door curvature that follows the con- 
tour of the fuselage. 


Detail А of this illustration shows a flipper door cyl- 
inder. Note che locking finger device which locks the 
piston in the door close position. All six cylinders on 
the right and lefr flipper doors are identical units— 
they are not paired, as are the main armament door 
cylinders. As you can see, the flipper door cylinders 
are similar in construction and operation to the larger 
cylinders of the main armament doors. 


Notice that air enrers the cylinders chrough two ports, 
one on each end of che cylinder. Air entering the head 
end of the cylinder extends the piston rod to open the 
doors. Air entering the год end of the cylinder retracts 
the piston rod to close the doors. А piston locking 
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mechanism, controlled by the piston poppet valve, 
extends fingers to retain the piston in the door closed 
position. The holding or releasing action of this mech- 
anism depends on the pressure acting on the piston 
poppet valve. The door actuating cylinder open and 
close ports contain restrictors. These restrictors allow 
the free flow of air into the cylinders and restrict the 
flow of air out of the cylinders. When pressure is 
applied to one side of the cylinder, а snubbing action 
results since the air in the vented side of the cylinder 
has a restricted flow. This snubbing action keeps the 
piston from violently hitting against the end of the 
cylinder case and damaging the doors. 


Pressure Switches. 


In figure 3-6, note the pressure switch, located in the 
door close line of the armament displacement actu- 
ating cylinder. This switch will not permit door oper- 
ation if che air pressure in this line drops below 500 
psi. It also assures sufficient air pressure for the snub- 
bing action of the cylinders when the doors are opened. 


'The pressure switches prevent "unsnubbed" opening 
of the doors and extension of the launcher assemblies. 
А minimum pressure of 500 psi, on che close side of 
the door actuators or on the retract side of the launcher 
assembly actuators, will actuate che pressure switches. 
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As you can see, without this snubbing pressure on 
the actuators, the door open or the launcher extend 
circuits would not be complete, and no action of these 
units would take place. 


Ground Operation of the Doors. 


А door position switch on the nose wheel well switch 
panel controls che ground operation of the doors. You 
will find that this switch provides a convenient means 
of opening and closing the doors during maintenance 
and operational checks. Figure 3-7 shows the location 
of the switch on the panel. It is a toggle-type switch 
and has three positions: OPEN, CLOSE, and a center 
OFF position. Spring tension automatically returns it 
to the center OFF position. Notice that the two mo- 
mentary positions—-OPEN AND CLOSE—identify the 
functions of the switch. А hinged guard (not shown 
in the illustration) covers this switch and prevents che 
accidental operation of the doors. 


Alternate Ground Control Method. 


The remote ground cord assembly (figure 3-8) pro- 
vides an alternate méthod of controlling the door 
operation. This assembly consists of а 20-foot extension 
cord with a disconnect plug on one end and a junction 
box on the other. Note that the plug end attaches to a 
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receptacle in the nose wheel well. (On later airplanes 
this receptacle is in che main wheel well.) This recep- 
tacle connects to the same circuits as the control 
switches on the nose wheel well switch panel. The 
remote junction box has three guarded control switches 
identical to those on the nose wheel well switch panel. 
Two of these switches control the forward and aft 
launcher assemblies, and the third switch controls the 
armament bay doors. The identification of the switch 
positions corresponds to those on the nose wheel well 
switch panel. This method of remote operation con- 
trols the doors when loading live armament in the air- 
craft. Thus, personnel can rake a safe position, clear 
of the aircraft, during door operation. 


Erratic Operation of the Doors. 


The absence of snubbing pressure will cause the doors 
to open too fast. Various factors may cause this condi- 
tion. Installing che restrictor valves backward іп the 
ports of the actuating cylinders allows a free flow of 
air out of the cylinders. Thus, snubbing pressure 
escapes. À faulty system pressure regulator and relief 
valve will also cause erratic door operation. 


When pressure is low on the close side of the door 
cylinders, che safety pressure switch will prevent pneu- 


matic pressure from reaching the open side of the door 
actuating cylinders. This switch operates at a mini- 
mum pressure of 500 psi. Any defect which would 
cause it to operate incorrecdy results in the "un- 
snubbed" opening of the doors. The electrical safety 
relay connects in series to this pressure switch. While 
using various pressures in the pneumatic system, check 
the operation of the pressure switch and the safety 
relay with a voltmeter. This will indicate the proper 
operation of the pressure switch at chese various ргев- 


sures. 


Failure of the Doors to Open. 


If the doors fail to open, you should first check all 
components outside of the bays before manually open- 
ing the armament bay doors. Since the pneumatic 
system operates the cylinders which open and close 
the doors, and electrical power operates the devices 
controlling the pneumatic system, you should first 
make a power distribution check. If the pneumatic 
system pressure gage reads above 2200 psi and voltage 
reaches the nose wheel well switch panel, you can 
then eliminate the external power units as a source 
of trouble and check the components of the door 


pneumatic system. 
39 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


(532У14 9) 


НОША5 IANS у 
а анүллчоз—{ 


ee 
354535үла 9) 


ee 3SV3139 НОЈ 


ЗАЛУА ao DNS wood 


=й зок ран L созын pem х 2 шу. 


чогулпозч чо з woud 6 зиумазна 


Figure 3-9. Armament Launcher Pneumatic System 


40 


Q 


ARMAMENT LAUNCHER PNEUMATIC SYSTEM. 


There are two acmament launcher assemblies in each 
of the three armament bays—one forward and one aft. 
А pneumatic powered actuating cylinder extends and 
retracts each of these six launcher assemblies. One end 
of each actuating cylinder attaches со the airframe 
while the rod end connects to the launcher unit. These 
double acting cylinders extend the assemblies for che 
armament firing and retract them after firing. 


1а figure 3-9 you can see the location of the various 
components of the launcher pneumatic system. "The 
forward and aft armament selector valves control che 
operation of the launcher actuating cylinders and 
unlatching cylinders. The forward selector valve con- 
trols the air pressure to the three forward launcher 
actuating cylinders. When the selector valve directs 
pressure to the extend port of rhe three forward 
launcher actuating cylinders, the cylinders extend che 
forward assemblies into firing position. When the for- 
ward seleccor valve directs pressure to the retract ports 
of the forward actuating cylinders, (һе cylinders retract 
the forward assemblies into the bays. The aft selector 
valve controls the three aft actuating cylinders їп the 
same manner. 


Launcher Actuating Cylinders. 


Detail "B" of figure 3-10 shows a typical launcher 
assembly acruating cylinder installation and a cutaway. 
Notice that a snubber spring and trapped air in the 
buffer cylinder cushion the piston during the геггас- 
tion cycle. The buffer cylinder check valve permits 
metered air pressure from the retract line to enter che 
extend side of the cylinder. This trapped air forms a 
buffer in the head of the cylinder during the retract 
cycle. This cylinder does not contain the locking 
mechanism which you learned about in the door 
actuating cylinders. Ás you can see in the illustration, 
the extend pressure simply pushes the actuator rod, 
or piston, out to its fully extended position. 


Armament Selector Valves. 


When we discussed the launcher assembly operations, 
you learned that two armament selector valves control 
the flow of air pressure to their respective launcher 
actuating cylinders. These selector valves are identical 
to the door selector valves illustrated in figure 3-4. 
А faulty selector valve is fairly easy to locate—in the 
majority of cases, the launcher assembly just doesn't 
operate, 


However, as in checking trouble for other pneumatic 
system components, you should first check that you 
have at least 2200 psi of system operating pressure. 
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Unlike other pneumatic system components, the se- 
lectot valve also has electrical solenoids that must oper- 
ate properly. Therefore, a check must be made го see 
that the unit is receiving electrical power. lf, after 
these checks are completed, the launcher assembly is 
still inoperative, bleed the system air pressure and 
replace rhe selector valve. 


Extending Displacement Assemblies. 


After you open the doors and install the ground safety 
locks in their correct locations, use che LAUNCHER 
UP and DOWN switches—on the nose wheel well 
switch panel or the remote ground cord—to control 
the launcher assembly operation. When you place one 
of these switches in the DOWN position, the respective 
group of actuating cylinders will extend the assem- 
blies. If the assemblies do not extend, this indicates 
the absence of snubbing pressure on the retract side 
of the assembly actuating cylinders. Momentary actu- 
ation of the switch to the UP position, then back to 
the DOWN position, should overcome this situation. 


Maintenance Problems in the Launcher System. 


Maintenance problems of the launcher pneumatic sys- 
tem will be connected chiefly with improper air pres- 
sures, air leaks, restricted orifices, and the sticking or 
binding of certain components. Since you cannot over- 
haul these units оп the flight line, you will have to 
isolate «һе faulty component апа replate іс. 


Й 
When isolating a pneumatic system malfunction, first 
determine that the high-pressure pneumatic system has 
the required pressure by checking the pressure gage 
located at the ground filler connection. For a series 
of pneumatic system checks, you should recharge che 
system whenever the pressure is below 2200 psi. Leaks 
at the various connections in the system lines, the 
control valves, the pressure switches, and the actuating 
cylinders will affect che system air pressure. You сап 
hear the hissing sound of a leak, or when you use a 
mild soap solution you can see the air bubbles formed 
from the escaping air. 


You may encounter binding, misalignment, and end 
play of connections in the mechanical malfunctioning 
of the displacement and armament door assemblies. 
With high-pressure pneumatic power operating the 
system, you can not easily detect these conditions of 
operation. Therefore, under these conditions you 
should check the assemblies with the pneumatic actu- 
ators disconnected. Information concerning (һе me- 
chanical and electrical operational checks and toler- 
ances should be obtained from the Armament System 


"Training Supplement of this series and from the Main- 
tenance Manual T. O. 1F-120A-2-12. 
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LANDING GEAR EMERGENCY 
EXTENSION SYSTEM. 


Тһе main and nose landing gears and their respective 
wheel well doors are normally extended and retracted 
by hydraulic power. This operating hydraulic power is 
controlled electrically by the manual up-and-down 
movement of the normal landing gear control handle 
on the extreme left side of the cockpit instrument 
panel, 


But what would happen if either the hydraulic system 
or the electrical system or both failed in flight? Then 
the pilot would need some emergency means of ехгепа- 
ing the gear for a landing. On the F-102A this emer- 
gency extension is accomplished by introducing high- 
pressure air into the gear and gear door cylinders to 
open the gear doors and lower the gears. 


The high-pressure pneumatic system supplies this air 
pressure, and the emergency extension of the gears is 
controlled mechanically by pulling the emergency geat 
handle located under the left side of the instrument 
panel. Furthermore, this emergency landing gear ex- 
tension can be accomplished even when the pneu- 
matic system supply has dropped to about 900 psi. 


If you wish to study the entire landing gear system, 
refer to che Airplane General Training Supplement of 
this secies. However, in this High-Pressure Pneumatic 
System supplement we will cover only the emergency 
pneumatic system. 


HOW THE SYSTEM OPERATES. 


Figure 3-11 shows the emergency gear extension pneu- 
matic system, Now lers see how the landing gear 
operates during an emergency extension. With the 
normal landing gear control handle in the UP posi- 
tion, the gears and doors are up and locked. For emer- 
gency excension, the pilot must pull the LG EMER 
ЕХТЕМО handle located near his left knee and under 
the instrument panel. Pulling this handle actuates che 
Teleflex cable which connects the cockpit control han- 
dle to the heart of the emergency landing gear exten- 
sion subsystem—the control valve assembly. 


Pulling out on the cockpit control handle raises the 
lever shown at the bottom of the control valve to 
open the valve and actuate the emergency down 
switch. Should there be electrical power to the landing 
gear control system, the switch actuation removes 
electrical power from the entire landing gear control 
Circuit beyond this switch. When electrical control 
power is removed, the system hydraulic selector valves 
automatically neutralize. This blocks the flow of 
hydraulic pressure at che selector valves. 


DC T 35-55 22001 
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At the same time the LG EMER DOWN switch is 
actuated, the control valve is forced opened Бу the cam 
lever. Air pressure from the high-pressure pneumatic 
system supply, entering the top of the valve, then 
passes through the valve го the extend side of the 
landing gear and door hydraulic actuators. The pneu- 
matic pressure in the lines repositions che shuttle valves 
at each of the gear and gear door actuating cylinders 
(see figure 3-13), thus blocking the hydraulic lines and 
permitting pneumatic pressure to enter the actuators. 
This shuttle valve repositioning now provides the 
means of the entire landing gear emergency extension 
operation being a pneumatic function. 


There must, however, be a proper distribution of pneu- 
matic pressure to open the landing gear doors before 
gear extension and to lower che gears in the proper 
sequence. This action is accomplished by the priority 
valve in the nose gear extension actuator line and 
two restrictor valves—one in the main gear line and 
one in che nose gear line, 


Note that there is no restrictor in the main gear door 
line, permitting the actuating cylinders at the doors 
to open the doors before the main gear extends. ‘Lhe 
main gears will extend as their doors reach the full 
open position. Тће restrictor in the nose gear line 
slows down the operation of both the nose gear and 
its door until the main gear doors have started to 
open. 


Now note the priority valve in the nose gear line. This 
valve is designed to remain closed until there is suffi- 
cient pressure to open it. Since the nose gear door 
cylinder has no restriction, it will open first; then all 
pressure can be concentrated on it, With sufficient 
pressure (about 700 psi), the valve opens го permit air 
pressure to enter the nose gear cylinder and lower the 
gear. 


Since air will contaminate the hydraulic fluid area 
downstream of the shuttle valves, the system requires 
bleeding and recirculation with fresh hydraulic fluid 
after every emergency landing gear operation. You 
must jack the airplane to do this, and cycle che gear 
operation about five times. 


CONTROL VALVE ASSEMBLY. 


As previously mentioned, the heart of the emergency 
landing gear extension subsystem is the control valve 
assembly. This assembly consists of a mechanically 
actuated LG EMER DOWN switch and a control valve 
as shown in figure 3-11. The assembly is located on 
the forward left side of rhe nose wheel well under 
the cockpit floor. 
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Figure 3-11. Emergency Landing Gear Extension Schematic 


44 


` 


© 


HIGH-PRESSURE PNEUMATIC SYSTEM 


POPPET 
SPRING 


PISTON 
ASSEMBLY 


PISTON 
SPRING 


DETAIL Ө 
SLEEVE 


EMERGENCY LANDING 
GEAR SELECTOR ADJUSTMENT 
VALVE— SPRING PLATE 


NUT (2) 
FROM PRIORITY AIR FLASK 


TO MAIN LANDING GEAR 
SPRING 
PLATE 


PRIORITY 
VALVE 
FREE 
FLOW 
INDICATED 


NOSE LANDING GEAR PRIORITY VALVE 
(EMERGENCY EXTENSION} CROSS SECTION 


Figure 3-12. Nose Landing Gear Priority Valve 


45 


Е-102А MAINTENANCE TRAINING SUPPLEMENT 


мошамоз A29N3033W3 


38055384 88055344 
3nnvadAH зцумпама 


ЕШ ЕЙ 
эппузалн 


| ARCET 


92015918 


мошамоз лумном 


А 
38155334 34155484 
эппузалн зцумпама 


FATWA 31110HS 
1У35 IMYA SONICS 


38055334 
зимумозма 


— 
“%” 2 


Figure 3-13. Landing Gear Shuttle Valves 
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The LG EMER DOWN switch on the valve assembly 
is a normally closed суре (INC) switch chat is wired 
in series with the landing gear control circuit. When 
the control switch is actuated by pulling che cockpit 
control handle for emergency landing gear excension, 
it opens the circuit to the electrically actuated hy- 
draulic selector valves, thus blocking hydraulic pres- 
sure to the selector valves, When the handle is pushed 
in, the landing gear control circuit is again closed. 
This accion completes the circuit so that the hydraulic 
selector valves can again control normal landing gear 
operation. 


Tn the cross-section view of the control valve in figure 
3-11, you will note that all pneumatic pressure lines 
of this subsystem are manifolded at this unit. Notice 
also that the valve is spring-loaded to the off or 
closed position. Pneumatic pressure for this subsys- 
tem is connected directly from the priority air flask 
to the valve pressure chamber. Pressure is held in this 
upper chamber by the spring-loaded popper суре valve 
seated on the valve outlet port. 


When the valve is actuated by the lever at the bottom, 
the poppet is unseated and raised against the spring 
pressure to allow air pressure to enter the emergency 
gear-down line. Now note that che stem of the popper 
valve has a drilled passage through its center that 
extends into the valve vent chamber. When the cock- 
pit control handle is pushed in for normal hydraulic 
landing gear operation, this passage connects the valve 
outlet port to the vent chamber, This provides venting 
of the pneumatic lines to the gear actuating cylinders 
and prevents static air pressure from building up when 
the actuating cylinder shuttle valves are in position for 
normal (hydraulic) landing gear operation. 


Тһе control valve vent chamber incorporates a spring- 
loaded vent spool. When the cockpit control valve 
handle is pulled for emergency landing gear extension, 
the vent spool stem seats against the poppet valve 
stem. Thus, venting from the valve pressure chamber 
is sealed at the same time as the poppet valve is 
unseated at the valve outlet port. When the handle is 
pushed in and the valve lever is down, the vent spool 
drops away from the роррег valve stem, thus opening 
the gear-down line to the vent opening. 


PMEUMATIC PRESSURE SWITCH. 


Earlier we mentioned that as the LG EMER EXTEND 
handle is pulled, the emergency down switch opens 
to remove power from the landing gear circuit beyond 
this switch. But to do this, a landing gear emergency 
extend relay solenoid must be actuated, А pneumatic 
pressure switch, located in the main landing gear 
emergency extension line (figure 3-11), maintains 
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power to this solenoid until the pneumatic pressure in 
this switch builds up to 30 to 200 psi. Somewhere in 
this pressure range, the pressure switch opens and 
breaks the landing gear circuit to neutralize the land- 
ing gear selector valves. 


This switch also functions to prevent damage to the 
secondary hydraulic system reservoir by remaining 
open until the pneumatic pressure has again dropped 
to between 30 and 50 psi. It chen closes the gear elec- 
trical circuit to provide power to open the selector 
valves for hydraulic operation of the landing gear. 


THE PRIORITY VALVE. 


Тһе priority valve іп che nose gear emergency down 
line is shown in figure 3-12. Note that it is the same 
type as the priority valve you learned about in che 
supply system in Chapter H. The function of this 
priority valvé is to establish the proper sequence of 
operation between the nose gear and the nose gear 
door during emergency gear extension. 


This valve is spring-loaded to remain seated until pneu- 
matic pressure entering che top of the valve reaches 
700 psi pressure. By the time this pressure is reached 
the nose landing gear door will have been opened, 
thus permitting a full flow of system pressure to unseat 
the valve piston and flow to the nose gear actuating 
cylinder. Note that when pneumatic pressure is 
relieved fróm the subsystem, vent air from the nose 
gear actuating cylinder can unseat the valve poppet 
and free flow back through the valve for venting at 
the control valve. 


SHUTTLE VALVES. 


Shuttle valves are located at each gear and gear door 
actuating cylinder to control the flow of either hydrau- 
lic fluid or air pressure into the cylinders for gear- 
down operation. Мо shuttle valves are placed at the 
gear-up port on the actuating cylinders. 


In figure 3-13 you can see a shuttle valve connected 
to a hydraulic actuator, and two conditions of this 
shuttle valve, In the main view, the shuttle valve is in 
its normal condition. In chis position, the sliding valve 
seat is against che pneumatic pressure line so that only 
hydraulic fluid can move the actuator, When hydraulic 
pressure is at zero psi and pneumatic pressure is intro- 
duced, the valve slides over to block the hydraulic 
pressure port and to allow pneumatic pressure to move 
the actuator. This action is shown in the emergency 
condition. In either position, «һе sliding valve seat 
seals one line so that pressure of the motivating agent 
will not contaminate the other line and its system. 
The sliding valve seat moves only when either air or 
hydraulic pressure is applied against it. 
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Figure 3-14. Wheel Brake Control System 
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OPERATIONAL CHECKOUT 
OF EMERGENCY GEAR EXTENSION. 


А checkout of che emergency extension of the landing 
gear is very important and is necessary at regular inter- 
vals. This checkout is performed wirh the airplane 
jacked clear of the ground, and with the gears and 
doors initially in their retracted or closed positions. 
The high-pressure pneumatic system should be charged 
to а maximum pressure of about 1000 psi, since this 
emergency subsystem should operate satisfactorily at a 
pneumatic pressure of this value. 


The crewman in the cockpit should start the test by 
pulling aft on the emergency gear extend handle. The 
man and nose gear wheel well doors must open first 
and then the gears must extend and lock. If this does 
not happen in a reasonable amount of time, push the 
emergency gear extend handle in, against the stop. 
"This action bleeds the air pressure from che emergency 
landing gear system so that you can investigate the 
trouble. However, the emergency gear extend handle 
must always be pushed in, even after successful emer- 
gency landing gear extension operations, so as to vent 
all air from the system. Don't forget, the landing gear 
must be cycled about five times after an emergency 
gear test to be sure all air is expelled from the gear 
hydraulic system. 


А malfunction of the emergency extend system is 
usually traced to a faulty pneumatic pressure switch, 
а faulty priority valve or a leaky shuttle valve in one 
of the actuators. Just as for most other high-pressure 
pneumatic system equipment, do not attempt a repair 
of the component; replace it instead. 


WHEEL BRAKE SYSTEM. 


The wheel brakes on thé F-102A main landing gears 
are air operated through hydraulic control relay valves. 
The hydraulic control portion of the wheel brake 
system is completely independent of (һе two main 
hydraulic power systems—the primary and secondary 
hydraulic systems. Also, there are no connections 
between the two hydraulic systems and the two pneu- 
matic subsystems which operate the right and left 
wheel brakes. Each brake system is completely inde- 
pendent of the осћег. 


The wheel brakes on this airplane are operated by 
toe action of the rudder pedals. These brakes are the 
disc суре in which three rotor discs аге curned by the 
main gear wheels and two stator discs are linked to the 
brake assembly that is rigidly attached со the landing 
gear axle. The stator discs are equipped with integral 
metal-ceramic pressure blocks that produce the brak- 
ing action, much the same as the lining on your auto- 
mobile brakes. Only the action of the lining is che 
same, but not the type of brakes, as you will see later 
in this section. 
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HOW THE RUDDER PEDALS 
OPERATE THE BRAKES. 


When the pilor wishes to slow or stop the airplane 
while it is moving on the ground, he depresses the top 
of the two rudder pedals with his toes. Іп, figure 3-14 
you can see how the pedals are hinged at two pivot 
points. The linear, or rudder, movements of these 
pedals pivot about the bell crank attachment to the 
fork assembly, while angular, or brake, movements 
pivot about the lower end of the bell crank. To actu- 
ate the brake master cylinders the pilot makes angular 
movements downward on the pedals. 


It is possible ro actuate the wheel brakes while the two 
pedals are in any rudder position. The detailed illus- 
tration of the brake pedal shows chat one wheel brake 
system сап be acruated without actuating the other. 
Only the angular motion of the pedals pivoting about 
the pedal hinge point causes the master brake cylinder 
piston rod to move. This actuation pulls the master 
Cylinder piston rod outward and forces hydraulic fluid 
to flow through the system to a brake relay valve 
mounted on each main landing gear. 


This hydraulic pressure actuates the brake relay valve 
to allow high-pressure air to enter the wheel brake 
for braking actuation. The master brake cylinders for 
both wheel brake systems are located under and for- 
ward of the pilot's instrument panel. In figure 3-15 
(detail A) you can see that these master brake cylinders 
have removable filler plugs. The filler plugs provide 
a means of servicing the master cylinders with hy- 
draulic fluid, Specification MIL-O-5606. Two small 
access doors, one on each side of the windshield, pro- 
vide access to the master brake cylinders for servicing. 


HOW THE WHEEL BRAKES ARE ACTUATED. 


The wheel brakes are actuated by toe action of the 
rudder pedals applying hydraulic pressure on the relay 
valves as shown in figure 3-15. Hydraulic pressure en- 
tering the relay valve pushes the piston down against 
its spring. This piston in turn unseats the роррес-гуре 
valve and allows filtered air pressure from the drag 
brace accumulator to pass through the relay to the 
piston on the wheel brake. Аз you can see in the 
schematic, the brake stator and rotor discs are forced 
to contact each other when the pressurized air enters 
and actuates che wheel brake piston. When the brake 
pedals are released, hydraulic pressure which is holding 
the relay valves open is also released. Thus, the relay 
valves return to their spring-loaded, normally off posi- 
tion and vent the air pressure from the brake piston. 


Pneumatic pressure for normal brake operation is 
about 1330 psi maximum. This air pressure, for the 
brake operation only, is initially stored at 3000 psi 
in the hollow section of each main landing gear drag 
brace accumulator. The source of this pressure is 


49 


F-102A MAINTENANCE TRAINING SUPPLEMENT 


BRAKE CYLINDER 


BRAKE APPLIED » 


FROM HIGH PRESSURE == 
PNEUMATIC SYSTEM 5 19 | 


DRAG STRUT ACCUMULATOR 


P HYDRAULIC RESERVOIR 


222222 
852227 
2222 


WSS 5 
25, о 
2 
= 
= 
= 
a 
а 
ш 
pi 
e 


=) 


1 umm 
|: 


Figure 3-15. Wheel Brake System Schematic 
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through the high-pressure pneumatic supply system, 
and is ground charged at the same time as the pneu- 
matic supply system, The drag brace accumulators аге 
isolated from the main supply system by check valves 
which assure an adequate supply of air pressure, even 
if che pneumatic system supply is depleted. 


WHEEL BRAKE SYSTEM COMPONENTS. 


All components in one wheel brake system are dupli- 
cated in the other brake system. Тһе wheel brakes 
operate independently of each other, so each system 
has its own operating components. The following 
paragraphs describe these components. 


Hydraulic Relay Valves. 


One brake relay valve is mounted on each main land- 
ing gear struc, and each valve is completely independ- 
ent of the other. These relay valves are piston-type 
units that are hydraulically operated to admit high- 
pressure pneumatic system air to the wheel brake 
assembly. Each valve incorporates a vent, which is 
opened to vent air pressure from the wheel brakes 
after the pilot releases the brake pedal. When the 
brake pedals are released, the relay valve returns to 
its normal, static, brake-off position. Seals аге incor- 
porated in the relay valve го prevent hydraulic fluid 
and pneumatic pressure intermixing. 


Іп figure 3-15, chis relay valve is shown in its actuated 
position wherein it is directing air pressure to the 
wheel brake, as you learned earlier in this brake system 
discussion. Now when the pilot releases che pressure 


‘on the brake pedals, all hydraulic pressure is removed 


from the relay valve piston. This spring-loaded piston 
then moves up to its upper case stop. In this position 
the hollow passage іп the piston is exposed го the 
vent port. 


Ат the same time that the piston moves up, the spring 
under the poppet valve rushes the роррег up and 
closes the air inlet port to the relay valve. With both 
the poppet and piston in their up positions, the air 
line to the wheel brake is then connected со vent 
through the passage in the piston. This releases all 
pressure at the brakes and the wheels are free to turn. 


During maintenance or replacement of che relay valves, 
care must be taken that the relays are correctly installed 
зо as to prevent damage to the brake system. Be sure 
that both air lines and the hydraulic line are connected 
to their correct ports on the valve. The bleed fitting 
at the relay valve provides a means of bleeding air 
from the brake hydraulic system. This hydraulic system 
is bled by depressing the brake pedal, then opening 
the bleed fitting until all air is expelled. Don't forget 
to close the bleed valve before releasing brake pedal 
pressure. Also, don't forget to replenish the brake 
reservoirs after bleeding. 
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Brake System Air Filters. 


Two air filters are installed in each wheel brake system 
to prevent foreign material from entering the brake 
relay valve and the brake disc mechanism and causing 
damage to the equipment. In figure 3-15, you can see 
that one of the filters is located berween the drag 
brace accumulator and the brake relay valve, The 
other filter is located between the brake relay valve’ 
and the wheel brake piston. 


The importance of clean pneumatic pressure is obvious 
by the installation of these filters; therefore you must 
quite often remove and clean these filter elements. 
Before removing for cleaning or replacement, however, 
you must relieve all air pressure in both the pneumatic 
system air flasks and in the drag brace accumulators. 
The filters are cleaned by using a suitable solvent as 
an air pressure spray. The elements are then dried 
with filtered dry air, installed in their housings, and 
replaced in the brake system air lines. 


Wheel Brake Air Pressure Accumulators. 


The hollow portion of each main landing gear drag 
brace is urilized as wheel brake air pressure accumu- 
lators. On earlier airplanes there are two drag braces 
at each main gear, as shown in figure 3-16. On later 
airplanes there is only one drag brace at each main 
landing gear. 


On the earlier airplanes che two drag brace accumu- 
lators are manifolded together, thus serving as a single 
wheel brake air pressure accumulator. Each of these 
assemblies is provided with a check valve at the air 
inlet port, a relief valve, a bleed fitting, and a drain 
fitting. The check valves prevent the accumulator 
assembly air pressure from venting back into the main 
pneumatic system air flasks. 


Naturally, it is very important to check these valves 
for correct installation. Be sure that the stenciled arrow 
on the valve points toward the accumulator assembly. 
А relief valve is installed in each accumulator assembly 
to prevent overcharging. This valve remains seated 
up to 3200 psi of pressure, but vents to full flow at 
3800 psi of pressure. 


Removable bleed fittings and condensation drain fic- 
tings are located on the lower end of each accumu- 
lator assembly as shown in detail A. These wheel 
brake air pressure accumulators must be bled and 
drained at specified intervals and you must be mindful 
when accomplishing this that you are working with 
high-pressure air. 


To perform this bleeding and draining operation, first 
slowly relieve all air pressure from the main pneu- 
matic syscem priority air flask; chen loosen the wheel 
brake accumulator bleeder plug just enough to permit 
air to escape slowly. After all pressure is released, 
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Figure 3-16. Brake System Accumulators 


remove the drain plug and drain the accumulator con- 
densation. After completing this maintenance function, 
reinstall, tighten, and safety the bleeder and drain 
plugs. 


Charging Wheel Brake Accumulators. 


The whee! brake air pressure accumulators are auto- 
matically charged with air whenever the high-pres- 
sure pneumatic system is ground charged. The check 
valves at the drag brace accumulator assemblies allow 
ай pressure to enter the accumulators, and prevent 
depletion of this air pressure by the high-pressure 
pneumatic system. 


The Wheel Brakes. 


In figure 3-17, note that the two wheel brake assem- 
blies are disc-type brakes in which the alternate discs 
are made of a cerametallic material. The wheel brake 
housing and disc assembly is bolted to its main land- 
ing gear axle. Six adjustment screws are provided 
around the perimeter of the housing for adjustment 
of the running clearance between the brake discs. 
Inside each brake housing is a ring-type piston which 
extends pneumatically to compress the discs and рго- 
vide braking action. The six screws are adjusted to 
give a clearance for easy turning, and to provide even 
wear on the discs when the brakes are actuated. 
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Тһе two stator discs are linked rigidly to the brake 
housing and do not turn with the wheel. On the 
other hand, the three rotor disc assemblies are keyed 
to the wheel and turn as the wheel rolls. The braking 
action takes place when pneumatic pressure at the 
brake piston forces the rotor discs against the sta- 
tionary friction block of the stator discs. Detailed 
adjustment instructions and tolerances are given in 
the applicable Maintenance Manual, T.O. 1F-102A-2.8. 


DRAG CHUTE PNEUMATIC SUBSYSTEM. 


А drag chute is used on the F-102A to slow the air- 
plane speed after landing, and thus shorten its landing 
roll The chute is similar to the canopy-type para- 
chutes used by airmen when jumping from a disabled 
airplane. 


Referring to figure 3-18, you can see that the drag 
Chute pneumatic system components are located in four 
general areas of the airplane: the aft armament bay, the 
Cockpit, the nose wheel well, and the vertical fin 
island. Note that the main pneumatic components of 
the drag chute system consist of a power source at the 
high-pressure pneumatic system air flasks, a cockpit 
control handle, a selector valve assembly, and the 
pneumatic actuating cylinder which actuates the drag 
chute jaw and triggering mechanism. 
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Figure 3-18. Drag Chute Pneumatic Subsystem 


The source of pneumatic pressure is stored in the high- 
pressure air flasks located in the aft armament bays. 
Тһе drag chute control handle, located in the cockpit, 
is pulled to deploy the chute and is pushed back in 
for chute jettisoning. The control handle is connected 
by a Teleflex cable to the pneumatic selector valve 
lever located in the forward left side of the nose wheel 
well. The lever in turn actuates the selector valve 
assembly which consists of an auxiliary speed brake 
switch mounted on the drag chute selector valve. 


Тһе lever has a mounted cam that moves upward to 
actuate the drag chute auxiliary switch. The swicch 
controls the opening of the speed brake doors when 
the drag chute is to be deployed, and later operates in 
conjunction with the drag chute time-delay switch 
to control the closing sequence of the doors. The 
latter operation prevents the doors from closing too 
soon and interfering with the drag chute risers (see 
figure 3-18). 


As you can see in detail C, the drag chute pneumatic 
actuating cylinder actuates downward when air pres- 
sure is admitted by the selector valve. The cylinder 
is attached to a jaw mechanism (shown in detail B) 
thac holds the drag chute riser "D" ring until the 
cockpit control handle is pushed in for jettisoning 
of the chute. А cable assembly connects to the actuat- 
ing cylinder at the point where the cylinder is atcached 
to a lever on the jaw mechanism. The cable, when 
pulled by the cylinder operation, actuates the drag 
chute triggering mechanism and pulls the ripcord 
release assembly to deploy the drag chute. 


DRAG CHUTE PNEUMATIC SELECTOR VALVE. 


The drag chute pneumatic selector valve in this sub- 
system is identical to the emergency landing gear and 
ram air turbine extension control valves. Figure 3-19 
shows a cutaway of the valve and indicates its oper- 
ating principle. Basically, the valve components con- 
sist of a poppet, spring-loaded to the closed position. 
The poppet isolates pneumatic system pressure from 
the valve pressure chamber and outlet port. 


The selector valve also incorporates a spring-loaded 
actuating plug, which extends from a manually oper- 
ated lever outside the valve into the vent chamber. 
Note that the poppet stem in che outlet chamber has 
a vent hole drilled in its side which connects with a 
drilled passage up through the lower part of the 
poppet stem. Notice also that the lower part of the 
stem exrends into the vent chamber. 


You can see now that when the cockpit control handle 
is pulled, rhe direct-line connected priority air flask 
pneumatic pressure is relieved from the selector valve 


HIGH-PRESSURE PNEUMATIC SYSTEM 


pressure chamber which in turn operates the drag 
chute actuating cylinder. When the control handle 
is pushed in, the subsystem air pressure is then vented 
back through the selector valve vent chamber to 
atmosphere. 


Operation of the Selector Valve. 


Тһе operation of the selector valve accomplishes two 
things: it admits pneumatic system pressure from the 
priority air flask to the drag chute actuating cylinder, 
and it vents static pressure in the drag chute cylinder 
to the atmosphere. When the pilot pulls the drag 
chute control handle, the lever attached го che bottom 
of the selector valve pivots up, as shown in figure 3-19, 
to move the actuating plug upward and contact the 
end of the poppet stem. This action forces the poppet 
off its seat to admit pressure to the drag chute actuat- 
ing cylinder. Át the same time, it seals the passageway 
through the stem into the vent chamber. 


In figure 3-18 you can see the result of this flow of 
pressurized air through the valve. The pressure actu- 
ates the drag chute actuating cylinder to pull the chute 
release mechanism, and at the same time causes the 
chute retaining jaws to close on the chute "D" ring. 
This action also cocks the deployment trigger mech- 
anism. When the speed brake doors have opened and 
the chute has deployed and accomplished its purpose 
in slowing the airplane, the pilot then pushes the 
control handle into its stop to jettison the chute. 


In doing this, the lever drops down, as shown in the 
left view (figure 3-18), and releases the actuating plug 
in the valve to its spring-loaded position away from 
the poppet stem. Тһе poppet then reseats and shuts 
off pneumatic system pressure to the drag chute cylin- 
der. The sratic pressure in the drag chute cylinder 
then vents through the hole in the poppet stem to 
acmosphere. With pressure released from the drag 
chute cylinder, the spring-loaded jaws which hold the 
"D" ring of the chute risers are free to open. Тһе 
"D" ring is then jerked from the jaws by airflow drag 
on the chute and the chute is jettisoned. 


DRAG CHUTE ACTUATING CYLINDER. 


The drag chute pneumatic actuating cylinder (figure 
3-18, detail C) is a simple cylinder and piston. Air 
entering the top of the cylinder forces the piston to 
extend. One unusual feature of this cylinder, however, 
is that the piston shafr is not attached (bolted or 
pinned) to the object it actuates, Rather, the smooth 
end of the piston shaft bears on a roller that is bolted 
to a lever on the jaw mechanism. When the selector 
valve admits air pressure to the cylinder, the piston 
plunger thrusts out to depress a lever in the jaw 
mechanism. 
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Figure 3-19. Drag Chute Pneumatic Selector Valve 
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This overcomes a spring in the jaw mechanism, and 
causes the jaws to close tightly on the "D" ring. 
One end of the cylinder is vented to atmosphere. This 
vent allows ambient air to escape when the cylinder 
is actuated, or allows the entrance of ambient air 
when the other end of the cylinder is vented through 
the selector valve, as just described. Action of the 
Spring in the jaw mechanism returns the cylinder 
piston to its normal position when air pressure is 
removed by the closing of the drag chute selector 
valve. 


DRAG CHUTE JAW MECHANISM. 


The jaw mechanism controls the "D" ring in three 
phases of operation: in-flight, chute braking, and 
chute jettison positions. In figure 3-20 you can see 
the three positions the jaw mechanism assumes in its 
different phases. In «һе in-flight position the jaws are 
partially open. In this position, they retain the "D" 
ring in position for use in deployment, but permit 
the ring to be pulled out if the chute is accidentally 
deployed while che airplane is in flight. 


The next view (the chute braking position) shows 
the jaws closed tightly over the "D" ring. Note that 
in this position the linkage bars attached to the 
spring capsule are in an almost straighr line with 
each other (actually slightly overcenter). This locks 
the jaws in the closed position. Actuation of the air 
cylinder places the jaws in this position for chute 
deployment. Next, you can see the jaws in the wide 
open position for chute jettisoning. 


How the Drag Chute Cylinder 
Operates the Jaw Mechanism. 


Referring to figure 3-20, note that in the in-flight 
position the actuating cylinder is in the retracted 
position (cylinder actuating shaft or plunger com- 
pletely retracted), and that the linkage bars and pin 
at the spring capsule slot are in neutral position. This 
is the posicion the jaw mechanism wil! always assume 
unless it is either actuated to the full open position 
or co the completely closed position. 


When the actuating cylinder shaft (plunger) is in the 
fully extended position, as in the chute-braking view. 
the cwo lever-roller assemblies are forced down by 
the plunger extension, thus moving the linkage со the 
left end of the spring capsule slot. The jaws are then 
tightly locked over the "D" ring. This action also 
pulls a cable that "cocks" the ripcord release assembly 
on top of the drag chute housing "can" by stretching 
a spring which deploys the chute as soon as the speed 
brake doors open past a minimum of 30°. 


When the pilot pushes the control lever in, the 
actuating cylinder shaft retracts. This action frees 
the spring capsule to return the linkage bars to the 
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center position in the capsule slot. Naturally, the chute 
is deployed at this time and its risers are pulling оп 
the "D" ring, so that the "D" ring is jerked out of 
the jaws because of the airload on the drag chute. 
In jerking out of the jaws, the ring must momentarily 
spring the jaws fully open so that the "D" ring can 
pull past them. 

Springing the jaws to full open carries the linkage 
bars and pin to the right end of rhe spring capsule 
slot. The jaws are thereby spring-loaded again by a 
second spring in the capsule, and the instant che ring 
is free they are returned to the in-flight position. In 
that position, they are ready for che next "D" ring 
insertion when a repacked chute is again installed. 


In event the jaws remain locked over the "D" ring, 
and should the chute be accidentally deployed, а 
shear pin breaks to release the chute. The shear pin 
is incorporated as rhe axle pin of the shackle which 
couples the "D" ring to the chute risers, and it will 
break and jettison the chute if the chute is deployed at 
speeds in excess of 180 knots indicared airspeed. 


MAINTENANCE. 


Very little maintenance is required for the drag chute 
pneumatic subsystem. However, there may be times 
when an air leak is discovered in the pneumatic 
selector valve or in the actuating cylinder. Should 
this be the case, the faulty equipment must be 
replaced, and no attempt must be made to repair the 
faulty unit in flight-line maintenance. 


RAM AIR TURBINE EXTENSION SYSTEM. 


In the Hydraulic System Training Supplement of this 
series, you will learn about the F-102A emergency 
hydraulic system. This system supplies emergency 
hydraulic pressure to the flight controls, should either 
the hydraulic pumps or the engine malfunction and 
stop providing normal hydraulic system pressure. If 
failure of normal hydraulic system pressure is due 
to engine stoppage, the pilot can either maintain a 
speed sufficient to windmill the engine and get 
normal hydraulic pressure, or he can extend the етег- 
gency hydraulic system ram air turbine into the air- 
stream. If lack of hydraulic system pressure is due 
to pump malfunctioning, he must extend the ram air 


turbine. 


The cam air turbine drives an attached pump to pro- 
duce emergency hydraulic pressure for limited flight 
control operation. This system is mechanically con- 
trolled and pneumatically actuated by the high-pres- 
sure pneumatic system. It is a simple system and соп- 
sists of a control cable, a control valve, and an actu- 
ating cylinder. This system is shown in a schematic 
form in figure 3-21. 
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Figure 3-20. Drag Chute Jaw Mechanism 
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Figure 3-21. Ram Air Turbine Extension System Schematic 


Extension of the ram air turbine is limited to certain 
speeds, listed in the pilot's Flight Handbook. If he 
exceeds the maximum speed for turbine extension, 
he will damage the entire assembly. If he is under 
the minimum speed the turbine will not turn fast 
enough to produce sufficient hydraulic pressure. 


HOW THE EXTENSION SYSTEM OPERATES. 


In figure 3-21 you see that the system is put into oper- 
ation by pulling the control handle in the cockpit. 
"This control handle is installed on the aft side of the 
power lever quadrant and is placarded ЕМЕН НҮ- 
DRAULIC POWER PULL. The control handle is 
connected by a Teleflex cable to a pneumatic control 
valve located іп the nose wheel well. (Тһе valve and 
control handle are similar to those used in the landing 
gear emergency system, figure 3-11.) With the handle 


pulled, air pressure from the high-pressure pneumatic 
system priority air flask is routed by che control valve 
to the ram air turbine actuating cylinder. 


Note that the restrictor check valve at the cylinder 
inlet provides a free flow of air pressure into the 
retracted cylinder. The snubbing (lower) side of the 
piston is connected to the extension (upper) side 
through another restrictor, or check valve. Air flow 
through this valve is restricted, thereby causing suffi- 
cient snubbing pressure to be built up in the lower 
end of the cylinder before enough pressure is built 
up on the upper side of the piston to unlock and 
extend the cylinder. Since air loads in flight tend то 
pull the ram air turbine out of the airplane, the com- 
bination of the cwo restrictor-check valves limits the 
speed of extending the assembly. 
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Figure 3-22. Control Valve Adjustment 


Returning the control handle in the cockpit to its 
original position vents the air іп the actuating cylin- 
der back through the control valve to atmosphere. Ап 
external latch release on the cylinder may then be 
operated manually so that the unit and attached door 
can be pushed back into and flush with the fuselage. 
The turbine can be pushed back only on the ground, 
and when once deployed the turbine stays out until 
the aircraft has been landed. 


Control Valve. 


Тһе ram air turbine extension control valve is almost 
identical to che emergency landing gear system control 
valve that you learned about earlier in this chapter. 
The only difference is that an externally mounted elec- 
trical control switch is not attached to this valve. 


When the cockpit control handle is pulled and the 
valve lever is raised, air pressure from the high-pres- 
sure pneumatic system priority air flask is routed 
through the control valve pressure chamber and into 
the extend line to the turbine actuating cylinder. 
When the cockpit control handle is pushed back in 
for manual retraction of the ram air turbine, air 
pressure in the turbine extension subsystem is then 
vented back through the system line со the valve vent 
chamber and then to atmosphere. 
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Maintenance of the Actuating Mechanism. 


Just as certain precautions and adjustments apply to 
other high-pressure pneumatic system equipment, you 
also have a few precautions and adjustments to con- 
sider as you perform maintenance on the ram air 
turbine extension system. First, you are again reminded 
to respect the snap-action results of pneumatically 
operated equipment. In this respect, make sure thar 
all personnel is cleared from the ram air turbine door 
area before extending it. In addition, we repeat (һас 
personal contact with high-pressure air is extremely 
dangerous. 


In figure 3-22, note the adjustment that must be made 
at the valve lever for correct operation of the control 
valve. The rod end fitting of the Teleflex cable must 
be adjusted so that the lever is 28° (3°) below hori- 
zontal with the control handle at its full jz position, 
and with Teleflex cable and rod end secure. 


To properly fit the ram air turbine inside the fuselage 
and со insure the proper angle when the unit is 
extended, certain adjustments must be checked. As 
shown in figure 3-23, the fully extended actuating 
cylinder should measure 25.4 inches from the center 
of the cylinder attach bolt to the center of the bolt 
attachments at each end of the cylinder on the 
extended piston rod. 


The small adjustable rod between the turbine and 
the door correctly positions the turbine at 334 inches 
to prevent ic from striking other units іп che hydraulic 
accessories compartment when the door is closed. It is 
also very important to check that the restrictor check 
valves at the actuating cylinder are installed with their 
stencilled arrows pointing in the direction shown at 
each end of the actuating cylinder. Should one of 
these valves be reversed, the door would either extend 
too fast or too slow, depending on which valve was 
reversed. 


To close che ram air turbine door, position а crew- 
man in the cockpit to push the control handle in, so 
as to vent the air pressure in the actuating cylinder 
line back through the control valve. Then release the 
actuating cylinder down-lock lever, as shown in detail 
“A,” by pushing lever toward the cylinder. The door 
is then ready to close manually. After closing, check 
that che door fits flush wich the airplane skin, and 
that the gap between the door and skin meets the 
tolerances outlined in the F-102A Technical Order 
Maintenance Manual. 


RUDDER FEEL SYSTEM. 


In this airplane, airloads on the control surfaces are 
not transmitted back to the pilot, since the hydraulic 
portion of the flight control system is irreversible. 
Consequently, an artificial feel system is required to 
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Figure 3-23. Ram Air Turbine Assembly Adjustment 


simulate airload conditions to the pilot. The function 
of the rudder feel system is to provide the pilot with 
artificial feel forces at the rudder pedals. The feel 
force varies resistance in moving the rudder pedals 
proportional to the air speed of the airplane. 


In figure 3-24 you can see that the power source for 
the rudder feel system is obtained from the regulated 
air pressure supply of the high-pressure pneumatic 
system 1100 psi pressure regulator and relief valve. 
This constantly regulated air pressure is routed to a 
variable air pressure regulator that compares this 
regulated air pressure to ram air pressure entering the 
"Q" intake. 


This regulator governs the amount of pressure applied 
to the rudder feel cylinder. Аз the air pressure in the 
Cylinder varies, the force on its piston varies. The 
force is then felt by the pilot as resistance to move- 
ment of the rudder pedals. 


In this schematic, note that a check valve is installed 
at the pneumatic subsystem inlet line. The purpose 
of this check valve is to isolate this subsystem from 
the rest of the high-pressure pneumatic system, Thus, 
some rudder feel force is always maintained in the 
event pneumatic system pressure is low or depleted. 


VARIABLE AIR PRESSURE REGULATOR. 


The variable air pressure regulator is located in the 
Iower forward portion of the vertical stabilizer. (See 
figure 3-1.) The regulator consists of a spring-loaded 
diaphragm and a pressure regulator. The function of 
the regulator is to compare "Q" (ram air) pressure air 
with high-pressure air and regulate the amount of 
high-pressure air to the rudder feel cylinder. This air 
pressure to the rudder feel cylinder is proportional to 
the speed of the airplane. When airplane speed is 
decreased, some of the high-pressure air is vented to the 
atmosphere through the regulator so that the ргев- 
sure in the feel cylinder corresponds to the reduced 


speed. 


RUDDER FEEL CYLINDER. 


The rudder feel cylinder, actuated by the high-pres- 
sure pneumatic system regulated air pressure from the 
variable air pressure regulator, is a simple cylinder 
and piston assembly. This cylinder is situated in the 
vertical fin just above the fuselage. As shown in fig- 
ure 3-24, the feel cylinder receives regulated air pres- 
sure from che high-pressure pneumatic system. The 
air pressure in the cylinder varies in proportion to 
the “О” (ram) pressure, which is determined by air- 
speed and altitude. 
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Figure 3-24. Rudder Feel System Schematic 


Note that the force on the piston in the rudder feel 
cylinder will also be proportional to the amount of 
air pressure in the feel cylinder. The force оп the 
piston is transmitted directly to the rudder control 
linkage and imposes a load on the rudder controls. 
This load is felt by the pilot as resistance movement 
of the rudder pedals. The piston inside the rudder feet 
cylinder is mounted so that movement of the rudder 
pedals in either direction from the neutral position 
works against the force inside the feel cylinder. 


MAINTENANCE OF THE SYSTEM. 


If low rudder pedal forces are experienced in the 
flight contro! system, the most likely cause is а leak 
in the "Q" pressure system. Another cause of low 
rudder pedal forces could be the malfunctioning of 
the variable air pressure regulator, or the check valve 
in the high.-pressuré pneumatic system line being 
reversed. À test for checking this system is outlined 
in the applicable F-102A Maintenance Handbook, 
Т.О. 1Е-102А-2-7. Checks must also be conducted 
whenever new equipment is installed or when the 
system has been disconnected and reconnected. 
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CANOPY COUNTERBALANCE 
AND CINCHDOWN SYSTEM. 


Normal canopy operation is accomplished manually, 
with the assistance of the combination double-piston, 
pneumatic-ballistic type cylinder. The pneumatic func- 
tion of the cylinder serves to counterbalance the сап- 
ору for normal raising and lowering, and then іс 
applies a cinchdown force on the canopy during the 
Jast several inches at closing. This cinchdown force 
compresses the canopy seal to provide an effective 
weather and pressure seal. 


'The pneumatic action of the cylinder is controlled by 
a spool-type selector valve chat is manually actuated 
by a crank assembly. An external button is installed 
on the left side of the airplane to open the canopy 
from the outside. When this button is depressed, іс 
returns the selector valve to the counterbalance posi- 


tion and allows the canopy to be raised from the 
outside. 


Ав you can see in figure 3-25, the high-pressure pneu- 
matic system air pressure entering the canopy cylinder 


- 


О 


system is reduced from its normal system pressure of 
3000 psi to 1500 psi by che combination pressure regu- 
lator and relief valve. (Also see figure 3-1.) Incident- 
ally, this is the same regulator that provides air pres- 
sure to the armament displacement actuating cylinders. 
See figure 2-7. 


After the air passes through this regulator, іс then 
passes through a check valve and directly into the 
rod end of the canopy actuating cylinder. This end 
of che cylinder is pointing up in the airplane, and is 
always pressurized. Now notice that another line 
extends from the cinchdown line to the canopy 
selector valve, chen through the valve to the other 
end of the actuating cylinder (counterbalance line). 
Also note the vent line at the right end of the selector 
valve. When the canopy is open, the selector valve 
is in a position that allows air to pass through it and 
into the counterbalance line. 


"Therefore, both ends of the cylinder are pressurized, 
and this action provides the counterbalancing force 
that holds the canopy open. When the canopy is 
closed, the selector valve is positioned so that it stops 
air from entering the counterbalance line to the bot- 
tom end of the cylinder. In this position che valve 
also vents the static аїг from the counterbalancing end. 


The always pressurized section of the cylinder (left 
end in the illustration) then has no resistance from 
air pressure on the other end. Thus, the pressure in 
the upper (left) end pulls down on the canopy as a 
cinchdown force. A second piston in the lower (right) 
end of the cylinder operates only when its ballistics 
cartridge is fired for the jettisoning of the canopy. 


On later airplanes, a canopy lock-open shutoff valve 
is installed upstream from the selector valve. This is a 
solenoid operated valve. When electrically energized 
by the canopy being open, this shutoff valve blocks 
the flow of air from one side of the cylinder piston 
to the other, thus preventing accidental closure of the 
canopy, which could injure personnel. When deener- 
gized, flow is unrestricted in either direction. 


For emergency operation or opening of the canopy, 
the ballistics part of the canopy system actuates the 
counterbalance cylinder to jettison the canopy. This 
system will fire the cartridge attached to the cylinder, 
which will in turn actuate the second piston of the 
cylinder. This second (ballistics) piston then thrusts 
an inner sleeve and the upper cylinder cap completely 
out the top of the cylinder with a sufficient force 
to shear che canopy hinge pins and jettison the canopy 
clear of the airplane. Detailed descriptions of this part 
of the canopy system are given in the Airplane Gen- 
eral Training Supplement of this series. 


HIGH-PRESSURE PNEUMATIC SYSTEM 


HOW THE SELECTOR VALVE 
CONTROLS THE CANOPY CYLINDER. 


The canopy cylinder selector valve has two positions— 
counterbalance and cinchdown. In the upper view of 
figure 3-26 you see the counterbalance position іп 
which pneumatic pressure is routed to the lower end 
of the cylinder. 'This pneumaric pressure is provided 
to equalize and counteract the existing pressure in 
the upper end of the canopy cylinder, thus providing 
the counterbalancing feature, 


Іп the lower view of the illustration, che selector valve 
is positioned to prevent the entrance of air pressure 
to the lower end of the cylinder and at the same time 
exhaust existing static air pressure from the lower 
end of the cylinder. When the valve is in chis latter 
position, the cylinder is in its cinchdown configuration. 


Note ia the upper view of this illustration, that che 
spool shaft is spring-loaded to its extreme extended 
travel from the valve. Аз you can see, this places the 
spool in a position (toward the extreme right) to 
route air pressure chrough che valve to the lower part 
of the canopy cylinder, and at the same time close off 
the internal chamber from the vent chamber flap. 
When released by the canopy lock linkage, the spool 
moves to this position due to the action of rhe internal 
and external springs shown at each end of the valve 
spool. 


In the lower view, note that the spool shaft is at its 
other extreme of travel (toward the left). Now you see 
that the spool is positioned to close off air pressure to 
the lower end of the counterbalance cylinder. As this 
happens the existing static pressure is vented from the 
lower end of the cylinder by way of the escape pas- 
sage in the spool, che vent chamber, and past the vent 
flap. The spring-loaded vent flap is blown open by 
the escaping air pressure. It closes again when the 
pressure is exhausted from the cylinder. Some of the 
O-rings you see in the various positions of the valve 
spool control air pressure leakage from the valve 
proper, while others prevent seepage from one area 
to another within the valve, 


SUMMARY. 


Іп this supplement you have learned that pneumatics 
is defined as the controlled use of energy developed 
by a compressed air power source. Even though com- 
pressed air is one of che oldest and most widely used 
sources of power, pneumatics is reJatively new for 
aircraft usage. 


On the F-102A, the high-pressure pneumatic system 
is ап entirely new concept, even for aircraft usage. 
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Figure 3-25. Canopy Actuation Pneumatic Schematic (Sheet 1 of 2) 
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Figure 3-25. Canopy Actuation Pneumatic Schematic (Sheet 2 of 2) 
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Figure 3-26. Canopy Counterbalance Remover Cylinder Selector Valve 
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Unique features offered Бу this system are fast action, 
reliability, compactness, and light-weight installations. 
However, as we have discussed the important func- 
tions of this power system and its operating subsys- 
tems, we have also discovered the simplicity of com- 
pressed air operated systems. 


In addition to the operational and maintenance infor- 
macion which you will retain from this manual, you 
should also remember several other important facts. 
These facts pertain to che use of this manual. In many 
cases, the descriptions of the various pneumatic sub- 
systems contained specific values and pressures. These 
values and pressures were used for explanatory pur- 
poses only, and they should not necessarily be used on 
the flight line. 


HIGH-PRESSURE PNEUMATIC SYSTEM 


Тһе latest information of chis nature is given in your 
F-102A Technical Order Maintenance Manual, 


In some instances, references have been made ro the 
fact that nor all the Е-102А airplanes have the same 
types of components in their pneumatic systems. No 
attempt has been made to point out the particular 
airplanes which have certain components or those 
airplanes that have other types. This information, too, 
must be obtained from your Е-102А Maintenance 
Manual. You should keep in mind thac this Training 
Supplement does not replace the Technical Order 
handbook—ic is for your on-the-job training in the 
maintenance of this new airplane. From this point on 
you will learn the fine points of maintenance by 
actual experience. 
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